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MINUTES OF PROCEEDINGS 


OF THE 


ROYAL SOCIETY OF SOUTH AFRICA. 


Report oF THE Hon. GENERAL SECRETARY FOR THE YEAR ENDING 
DeEcEeMBER 31, 1913. 


Six Ordinary Meetings, the Annual and the Anniversary Meetings, 
were held during the year, and the following papers were read :— 

‘* A New Species of Haematorylon,” by Miss E. L. StepHens. 

“Notes on the Pollination of some South African Cycads,” by G. 
RatTRay. 

“ A Synopsis of the Species of Lotononis and of Pleiospora,”’ by R. A. 
Dimmer. 

“Note on an Overlooked Theorem regarding the Product of Two 
Determinants of Different Orders,” by T. Murr. 

“Note on the Newcomb Operators used in the Development of the 
Perturbative Function,” by R. T. A. Invzs. 

“ Notes on N’Gamiland,”’ by A. G. Stiaanp. 

“ Some New South African Mosses,”’ by H. A. Wacer. 

“Magnetic Observations taken at Bloemfontein,” by W. A. Dovatas 
RupDGE. - 

“Note on the Vertebral Column of the Bushman Race in South 
Africa,” by R. B. THomson. 

“On some Fossil Fishes from the Diamond-bearing Pipes of Kim- 
berley,” by R. Broom. 

“On the Daily Range of Atmospheric Potential Gradient at Bloem- 
fontein, and the Influence of Dust Storms,’ by W. A. Dovatas 

“Further Magnetic Observations in South Africa,” by J. C. 
BEATTIE. 
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‘Magnetic Maps of the Western and Northern Parts of the Union of 
South Africa and of Great Namaqualand for the Epoch July 1, 1908,’’ by 
J.C. Bearrie. 

‘“‘ Note on Clebsch’s Theorem,”’ by T. Murr. 

“On the Significance of the Position of the Genital Apertures in 
Hirudinea,” by E. J. Gopparp. 

“On the Phreodrilid from Sneeuw Kop, Wellington, South Africa,” by 
E. J. Gopparp. 

“Note on Spodumene from Namaqualand,” by G. C. Scutty and 
A. R. E. WALKER. 

“On the Interpretation of the Electrocardiogram,”’ by W. A. 
JOLLY. 

“A Contribution to our Knowledge of the Anatomy of the Chamae- 
leon,” by A. MerHuen and Hewirt. 

“Note on the Pollination of Encephalartos Altensteinii,” by R. 
MARLOTH. 
‘‘ A New Mimicry Plant,” by R. Martorn. 
“On an Experimental Modification of Van der Waals’s Equation,” by 


Joun P. Datton. 
“Barometric Variability at Kimberley and Elsewhere,” by J. R. 


Surton. 
In addition the PresipDENT gave an address entitled, ‘The Antiquity 


of Man.” 

The Society has awarded, on the recommendation of the General 
Committee, for Grants-in-Aid of Research, the following grants :—£100 to 
J. C. Bearris for the prosecution of magnetic work in the Cape Province 
and in the Free State ; £100 to E. Gorrz for the prosecution of magnetic 
work in Rhodesia; £50 to E. J. Gopparp for a study of the fresh-water 
Annulata and Crustacea of the mountains of South Africa; £75 to Miss 
W. Tucker for ethnological inquiries among the Topnaar tribe of Hotten- 
tots; £45 to G. Arnoxp for the investigation of insert fauna of Southern 
Rhodesia. 

During the past year’ further progress has been made with the 
cataloguing of the Society’s library. 

The publications of the undermentioned Societies have been examined 
and catalogued, and letters written to the Societies asking for their 


assistance in filling up blanks. 


Royal Scottish Geographical Society. 
Scottish Microscopical Society. 
Royal Physical Society, Edinburgh. 
Royal Philosophical Society, Glasgow. 
Manchester Geographical Society. 
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Royal Society of Edinburgh. 

Manchester Literary and Philosophical Society. 
The Library, Cambridge University. 
Cambridge Philosophical Society. 


The Council has to thank various Societies for supplying certain of 
their publications, viz. :— 


The Royal Geographical Society. 
The Royal Astronomical Society. 
The Royal Colonial Institute. 

The Royal Anthropological Institute. 
The Royal Geological Society. 

The Royal Meteorological Society. 
The Royal Society of London. 

The Zoological Society of London. 
The Linnean Society of London. 
The Royal Botanic Gardens, Kew. 
The Royal Scottish Geographical Society. 


The total number of volumes in the library is about 5,500, and at the 
present time about 1,000 parts or numbers of periodicals are added yearly. 


The annual increase will render necessary, at an early date, additional 
accommodation. 

A list has been formed of the volumes of the Transactions of the 
South African Philosophical Society and of the Transactions of the Royal 
Society of South Africa, available for sale or for exchange. 

Vol. III. of the Society’s Transactions has been issued during the 
year. 

The number of Honorary Fellows is 5; Fellows, 52; Members, 174. 

The society regrets to have to record the death, since the 1913 
Anniversary meeting, of Sir Davy Giuu, Honorary Fellow, J. W. B. 
Gunnine, J. F Quexert, and M. L. Wessets, Members, and of Sir 
Water Hety-Hurcninson, sometime Governor of the Colony of the 
Cape of Good Hope and former Member of the Society. 
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Transactions of the Royal Society of South Africa. 


THE ANNIVERSARY MEETING. 


The Anniversary Meeting of the Society was held on Wednesday, 
March 18, 1914, at 8.15 p.m., in the Board Room of the South African 
Association, Church Square, Cape Town. 

In the absence of the President, Mr. S. 8S. Houaeu took the Chair. 

In the absence of the Hon. General Secretary, the Chairman appointed 
Dr. L. CRawForp to act as Secretary. 

The Chairman expressed regret at the absence of the President 
through illness. 

The Chairman referred to the great loss experienced in the death of 
Sir Davin Git, and stated to what extent the Society had been 
beholden to him for his valuable services. The Chairman then moved 
the following motion: ‘That the Royal Society of South Africa learns 
with profound regret of the death of Sir Davip G1, and desires to place 
on record its appreciation of his signal services to science and its gratitude 
for the invaluable assistance rendered to the Society by him and to 
express its deep sympathy with Lady Gill.” 

The motion was unanimously adopted. 

The Report of the Hon. Treasurer was adopted. 

The Report of the Hon. General Secretary was adopted. 

The following were elected members of Council for the year 1914 :— 


Dr. L. PERINGUEY. Mr. S. 8S. Hoven. 
Dr. L. CRAwForpD. Dr. E. J. Gopparp. 
Dr. J. C. BEATTIE. Dr. W. A. Jouty. 

Dr. A. JASPER ANDERSON. Mr. F. E. KAnrHack. 
Dr. W. A. CALDECOTT, Dr. W. F. Purcett, 
Dr. G. S. CoRsToRPHINE. Dr. J. R. Surron. 


Dr. L. PéRInGuEy, was elected President. 
Dr. L. Crawrorp, Hon. Treasurer. 
Dr. J. C. Beartiz, Hon. General Secretary. 


OrpInARY MontTHity MEETING. 


April 15, 1914. 


Mr. S. §. Houeu was in the Chair. 


The Minutes of the Ordinary Meeting of October 15th, 1913, and of 
the Anniversary Meeting were confirmed. The Hon. General Secretary 
announced that the President had nominated S. S. Hoven and G. 8S. 
CoRSTORPHINE as Vice-presidents for 1914. 

The following were nominated as members:—J. B. Lester, A. E. 
THOMSON, JULIUS PETERSEN, W. S. WEBBER. 
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E. Jacot, W. E. MALHERBE, were elected members. 

The following communications were made : — 

“ Note on a Theorem of Ph. Gilbert, regarding the Differentiation 
of a Special Jacobian,” by THomas Murr. 

“Note on Rosanes’ Functions, resembling Jacobians,”’ by THomas 
Murr. 

“The Triple Stellar System Virginis and 1757,” by R. T. A. Inngs. 

These two stars, although a considerable distance apart, constitute a 
system as they are moving through space with almost identical velocities 
and directions. 

“A Curious Mosquito,” by G. A. H. Beprorp. 

“On the Porosity of the Rocks of the Karroo System,’”’ by A. L. 
pu 

Determinations are given of the porosity of over 90 rocks, the majority 
being from borehole cores. It was found with the threefold division of 
the Beaufort beds the mean porosity of the sandstone was 2°9% for the 
lower, 5°2 % for the middle, and 5-5 % for the upper division. The figures 
for the Transvaal phase of the Karroo were much higher. The effects of 
weathering in increasing the porosity are discussed and analysed. 

“A Note on the Temperatures of the Air observed at Mochudi,” by 
J. R. Surron. 


The Note gives a brief account of some points of interest in the results 
of temperature observations by Harbor at Mochudi in the Bechuanaland 
Protectorate. The extremes of temperature are considerable, the greatest 
range so far observed being from 108° F. to 28° F. The mean maximum 
temperatures depend upon the sun’s meridian altitude in much the same 
way as they do at Kimberley. The annual cold wave of the middle of 
July is felt at Mochudi like it is elsewhere further south. 


Orpinary MEETING. 
May 20, 1914. 
The President, Dr. L. Pertnaugy, was in the Chair. 


The Minutes of the previous Meeting were confirmed. 

The Hon. General Secretary announced that Professor R. B. Youna, 
Johannesburg, had been nominated for Fellowship. 

The following were nominated for election as Members:—A. G, 
Howitt, P. Barrarrp, H. Peauine, P. L. 

The following were elected Members :—J. B. Lester, A. E. Taomson, 
J. Petersen, W. S. WEBBER. 
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F. E. Kanruack was introduced to the President and signed the 
Fellows’ Book. 

Dr. Bayon gave an exhibition of Phosphorescent Bacteria from sea- 
water round Robben Island, and showed a trypanosome and a hemo- 
gregarine from the mole shark. 

‘“Phosphorescent Bacteria from the Sea round Robben Island.” 

Pure cultures were exhibited, showing various degrees of luminosity. 
The identification of the bacteria not being completed, Exhibitor was not 
ready to state that these vibrios differed sufficiently from the micro- 
organisms observed in other parts of the world, to allow the classification 
of a separate variety. 

Attention was drawn to the various conditions under which these 
bacteria lost and acquired again their luminous properties, both in relation 
to special media and aerobic conditions. 

‘‘A Trypanosome and Hemogregarine from the Mole Shark (Scillzo- 
rhinus Edwardsii).” 

Microscopical specimens of these two new blood parasites were 
exhibited and their life-cycle and transmission through an intermediate 
host (probably of the nature of a leech) were explained. 

The following papers were read :— 

1. “ Properties of Pfaffians and their Analogues in Determinants,’ by 
T. Muir. 

2. ‘The Secular Variation of the Magnetic Elements in South Africa 
during the period 1900-1913,” by J. C. Bearrig. 

The annual changes in the magnetic declination vary from an average 
decrease of 1:5’ of westerly declination at Mauritius during 1900-1909—a 
change which has turned into an increase of 1:4’ per year between 1907- 
1909, to a decrease of 14’ per year in the neighbourhood of Durban ; from 
the latter place the decrease becomes less as we go in a north-westerly 
direction and attains a value of 5’ at Loanda; the decrease as we go west 
or south-west is also quite definite, though not so great, and at Cape Town 
has the value of 8’. It appears also that the absolute value of the decrease 
is increasing all over South Africa at the present time. A comparison of 
the results given in the paper with those of the American and British 
Admiralty declination charts for approximately the same epoch shows no 
continuity between the land values of the secular change and those over 
the sea; the high values over the land find no place over the sea except 
in the case of the results obtained from the “Gauss and Carnegie” 
observations. 

The greatest annual change of dip is found in the south-western part 
of the continent in the neighbourhood of Cape Town; it amounts to an 
increase of southerly dip of 8’ per year. The line of no change passes 
through Madagascar, east of that there is a decrease of southerly dip. 
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The annual change in the horizontal intensity shows a decrease in 
absolute magnitude towards the north; over the greater part of the Union 
it has a value of from 80 y to 100 y yearly and is a decrease. 


OrDINARY MonTHLY MEETING. 
June 17, 1914. 
The President, Dr. L. PErtnauey, was in the Chair. 


The Minutes of the Meeting of May 20th were confirmed. 

James HuTCHEON was nominated for membership. 

A. G. Howitt, P. Bartrarerp, H. Peatine, and P. Linpsay SANDES were 
elected Members. 

Dr. W. A. Jonny gave an account of the electrical discharge of 
Narcine. 

Curves of the electrical discharge of a fish of the Torpedo family 
(species not yet determined) were exhibited. The curves were photo- 
graphically recorded by the string galvanometer. The direction of the 
current through the fish is from the ventral to the dorsal surface. The 
deflections which make up the shock occur with a rhythm of about 50 
per second. 

Mr. K. H. Barnarp gave an exhibition of living Phreatoicus. 

Phreatoicus is a type of a very peculiar family of Isopods. Although 
in most respects an Isopod it has peculiar features which link it on to the 
Amphipods. So far the only members of this family have been found in 
Australia, New Zealand, and Tasmania. Last year, however, another 
species was discovered on Table Mountain. This is further evidence 
of a former land connection between the southern continents. It is 
thought by a study of the embryology some light may be thrown on 
the systematic position and the primitiveness of Phreatoicus. 

‘‘ Note on Bushman Paintings from Southern Rhodesia.” 

L. Pértnevuey exhibited tracings of Bushman Paintings from Southern 
Rhodesia which’ throw quite a different light on the technique and 
probably the mental evolution of the Bush people who executed the same. 
As usual, animals abound, but they are much more skilfully delineated 
than those from the Cape Colony, Orange Free State, Natal, etc. ; the 
graceful attitude and outline of some of them make those of the latter look 
commonplace. For instance, the spiral of the horns of the Koodoo is very 
plainly indicated, which is not the case in any of the numerous transfers 
from the Cape, etc., known to the Exhibitor. Then the representation of 
the human figure is of a much superior type, and seems to indicate a slight 
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phase of transition with the hieratic style of Egypt. A figure in particular 
is remarkable. It is a woman sitting with one leg stretched at full length, 
and the other bent ; on the latter stands a child taking the breast. Around 
are numerous figures of men, and hunting scenes as well, but the woman 
is of larger size than the other figures. The aspect of the whole can 
almost justify a suspicion of symbolism, i.e. maternity, and this surmise 
receives strength from the fact that, in the same scenes, trees are repre- 
sented which plainly represent Phoenix palms. A human figure stands 
under one, while on another a bird is perched. There is no mistaking the 
importance of these reproductions. It is not any longer the hunter whose 
conceptions are focused on game. It is a picture ‘de genre,’’ may be, 
but one that denotes an evolution towards a much higher mental stage 
than that which led to the pictographs of the more southern parts of 
the Union. 

The following papers were read :— 

1. “A Proof by Elementary Methods, without Complex Quantities, that 
every Algebraic Function (with Real Coefficients) has Factors of the Form 
x? — px + q(p.qreal),”’ by Professor RosEVEARE. 

2. “On Malet’s Proof that every Equation has Roots, Real or Imaginary 
equal in Number to its Degree,” by Professor RosEvEaRE. 


OrpDINARY MontHLy MEETING. 


July 15, 1914. 


The President, Dr. L. PErtneury, was in the Chair. 


The Minutes of the previous Meeting were confirmed. 
Dr. W. A. JouLy was elected Hon. General Secretary. 
Mr. J. HurcHEon was elected a member. 
Professor RosEVEARE was nominated for election as Member. 
Professor R. B. Younc was nominated by the Council for election as 
Fellow. 


“ Note on Palaeolithic Implements of Large Size found in the Precincts 
of Cape Town City,” by L. Périneurey. 

The palaeoliths exhibited are mostly of very large size and made of 
slate indurated by contact with the granite. They were discovered by the 
Exhibitor on the lower part of the talus of Signal Hill, within stone-throw 
of the houses built in this locality. It may be contended that natural 
agencies could have produced this amygdaloid form were it not for a few 
examples of “ bouchers’’ found contiguously, and in which the artefact is 
patent The locality is about 350 feet from the raised beach ledge which 
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is now the Green Point Common. These raised beaches will probably 
prove the means of obtaining ultimately a key to the age of many of the 
present geological features. The Exhibitor has no doubt whatever that the 
objects exhibited are some of the oldest yet recorded in Kurope or Africa. 
It is evident that the huge almond-shaped artefact cannot be considered 
as a weapon ora tool. Man in Chellean time was not of the size of the 
Cro-Magnon man. Two theories may account for it. Similar huge 
Chellean implements have been found in Belgium, and have been con- 
sidered by fervents of the Rutot school to be ‘“ objects of worship to brute 
force.’”” The author, however, opines that the huge implement, 44 cm. 
long by 21 cm. wide, is merely the result of practice at ‘‘ knapping.”’ 

‘‘Note on Grooved Stone Slabs, used by the Strand-Looper-San 
Aboriginals,’ by L. PERINGUEY. 

Search in undisturbed kitchenmidden deposits found so numerously 
within a 60-mile radius of the littoral of the Union, seldom fails to reveal 
the presence of flat stones having a shallow artificial depression in the 
centre. Nor are these stones always restricted to this area. The depres- 
sion is often found on each side. Speculations as to their having been 
used for sharpening blades of assegais or similar weapons are of course 
untenable. More likely was the theory of the stone having been utilized 
as a cooking-stone, the depression to receive the gravy. The proposition 
that they were utilized for pounding shell-fish does certainly not account 
for the depression, etc. The example exhibited throws a true light on the 
object of these depressions. Notice the red pigment adhering still to the 
stone, and also to the muller exhibited with it. They were not found 
together, but their object is patent. On this depression was oxide of iron 
or other pigments ground and prepared with fatty or resinous adhesive 
substances. This slab comes from a very much disturbed ‘ shelter.’’ In 
another shelter in the same locality was found a funeral stone bearing 
paintings of three men. On the face of one are distinctly seen red bands 
symmetrically disposed. The face is executed in white, the better to show 
the stripes. The ground pigment was then disposed on palettes which are 
as like prehistoric Egyptian palettes as possible. Paint was then as much 
used in physical decoration as on mural decorations. Little by little we 
are learning more and more of the mind and culture of the “San”’ 
aboriginals from their relics. 

Exhibition of Marine Invertebrates, by K. H. Barnarp. 

The discovery of the siliceous sponge, Regadrella phoenix, from the 
deep water off East London, fills a gap in the hitherto known distribution 
of the species. Aega monophthalma and Epimeria cornigera were recorded 
for the first time in the Southern Hemisphere—a fact which bears on the 
theory of Bipolarity. A sponge (Tragosia infundibuliformis), a gastropod 
(Nassa trifascvata), an echinoderm (Echinocardium flavescens), and the 
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large crab (Mamaia quetetti) were also exhibited in illustration of this 
theory. 

The following papers were read :— 

1. “ On the Anatomy of Ozobranchus branchiatus and its Position in 
the Class Hirundinea,’’ by E. J. Gopparp, B.A., D Se. 

The paper deals with the somitic constitution and anatomy of Ozobran- 
chus branchiatus, which must be one of the earliest forms of marine life 
taken in the Pacific Ocean. 

The species is, in addition to its historic interest, of significance in 
regard to its constitution, since it strongly supports the suggestion previously 
made by the author, namely, that the Hirudinea and Arthropoda have 
been evolved from a common ancestor. The restriction of Ozobranchus to 
Chelonians, and of Branchellion, its nearest ally, to Elasmobranchs is 
of special interest in connection with the archaic nature of the Hirudinea 
and of parasitological importance. 

2. “ Preliminary Investigation of the Deterioration of Maize infected 
with Diplodia zeae (Schw.) Lev.,”’ by A. vAN DER M.A. 

Maize infected with Diplodia zeae has a higher acidity than healthy 
maize. Infected maize gives Ori’s reaction distinctly; it has a higher 
percentage of ash and of nitrogen. The fat content of maize inoculated in 
the laboratory and in the field differ as compared with their respective 
controls. 


OrvinARY MontHLY MEETING. 
August 19, 1914. 


The President, Dr. L. PérRINGUEY, was in the Chair. 


The Minutes of the Ordinary Meeting held on July 15th were 
confirmed. 


Professor W. M. RosEvEARE was elected a Member. 

A gift to the Society of £4 16s. was intimated from Mrs. Lloyd, being 
the sum remaining from the sale of some folk-lore publications. A cordial 
vote of thanks was accorded to Mrs. Lloyd. 

The following papers were read :— 

1. “The Morphology of the Tadpole of Xenopus laevis,” by T. F. 
DREYER. 

Among other conclusions the author states that the epithelium of the 
gill-slits is continued into the glottis, which is in support of the theory 
that lungs and gill-slits are homologous. 

2. “A Morphological Study of Strongylus Douglasi, Cobbold,” by 
RAFFAELE IssEL. (Communicated by Dr. Bayon.) 

A description of the ostrich wire-worm. Although the parasite was 
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discovered in South Africa over 30 years ago and has considerable 
economic importance in view of the mortality it causes among ostrich 
chicks, this is the first complete description of the helminth. It has been 
found that the parasite has a buccal cavity armed with teeth. This and 
other details were overlooked in the original description. 

3. ‘On the Interpretation of the Electrocardiogram,’’ by W. A. Joxty. 

An explanation of the form of the Electrocardiogram in the human 
being, under normal and pathological conditions, was put forward, based 
on a study of the electrical changes in the simple and slowly contracting 
heart of the tortoise, isolated from the body and caused to beat by 
induction shocks. 

4. “On the Crystallography of Anatase Crystals in the Auriferous 
Conglomerate of the Witwatersrand,’ by W. von Bonpe. (Communicated 
by Professor YounG.) 

An occurrence of minute Anatase crystals in the Rose Deep Gold Mine 
was described recently by Dr. R. B. Young. A number of these minute 
crystals was sent to the S.A. College for crystallographic examination. 
This work was undertaken by the author. 

Chemical examination showed the presence of Titanuim in the mineral. 
There is, therefore, no doubt as to the correctness of Dr. R. B. Young’s 
determination of the mineral as Anatase. 

A stereographic projection of all the observed faces suggests the 
possibility that Anatase has not the symmetry hitherto assigned to it. An 
extended examination of a larger number of crystals is in progress with a 
view to confirming or disproving this suggestion. 

5. ‘Note on the Product of a Special n-line Determinant by its 
Central Minor of the (n-4)th Order,’’ by THomas Murr. 

In Mr. Roseveare’s paper on a proof that every algebraic equation of 
the nth degree had n roots, an equivalent was given for the product of a 
special n-line determinant by its central minor of the (n-4)th order, the 
equivalent taking the form of an aggregate of products of pairs of minors 
of the (-2)th order. For such a product an apparently similar expression 
of a general character has been known for some time, but it is found that 
this does not include the form given by Mr. Roseveare. This latter form 
is considered and a generalization of it is worked out. 


ORDINARY MonTHLY MEETING. 
September 16, 1914. 


The President, Dr. L. PEr1INGUEY, was in the Chair. 


The Minutes of the Ordinary Meeting held on August 19th were 
confirmed. 
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An exhibition of skulls of Trematosaurus and Rhinesuchus was given 
by Mr. S. H. Haveuron. 

Rhinesuchus whaitsi and Trematosaurus sobeyi are both members of 
the group of Temnospondylus Amphibians, and are from the Karroo beds 
of Cape Colony—the former from the lower Beaufort beds of Beaufort 
West, and the latter from the Burgersdorp beds of Queenstown. These 
skulls are two of the first Labyrinthodont skulls known from South Africa, 
and add considerably to our detailed knowledge of the group as repre- 
sented in this country. 

Rhinesuchus is closely allied to the American genus Eryops, and is 
particularly interesting in that, besides having a row of maxillary and a 
row of palatal teeth, it has the prevomers, pterygoids, and part of the para- 
sphenoid covered with small denticles. A species nearly twice the size is 
known from the Karroo beds of Senekal, O.F.S. 

Trematosaurus was previously known by one small species from South 
Africa, and a slightly larger one from the Triassic rocks of Germany. 
From this skull the palatal details are being described for the first time. 

An exhibition of the burrowing prawn Upogedia capensis was given 
by Mr. K. H. Barnarp. 

Members of the family Gallianassidae are found all over the world, 
burrowing in sand and mud, The present specimens were found burrow- 
ing in a hard, indurated sandstone, which seems to be the first record of 
such a habitat. It is difficult to conceive how the burrow is made. 

Papers :— 

“The Great Dyke of Norite of Southern Rhodesia—-Petrology of the 
Selukwe Portion,” by A. E. V. ZEALuey. 

The well-known great dyke of Southern Rhodesia extends for some 
300 miles throughout the Territory, and has a width of outcrop of about 
4 miles. It has usually been regarded as composed of ultra-basic rock such 
as picrite. 

The author, however, takes the view that it should be termed a dyke 
of Norite. The dominant rock types which make up the intrusion are 
felspar rich norite, enstatite and enstatite peridotite. These outcrop in 
elongated strips or wedges parallel to the edges of the intrusion, the less 
basic types which are also the finest textured forming the innermost strips. 
Various theories have been put forward with regard to this intrusion. An 
intrusion made up of rocks outcropping in this manner may be a dyke or 
a sill or a laccolite. 

The author’s view is that in general the intrusion has many of the 
characters of a dyke, thus its rectilinear outcrop, the parallelism of its 
sides and fairly constant width (which is small in comparison with its 
longitudinal extension), together with the symmetrical disposition of the 
variations, indicate a dyke rather than a sill or laccolite. 
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“The Mosses of South Africa,” by Horace A. WAGER. 

The author gives a catalogue which he states is the first attempt that 
has been made of publishing a list of the mosses already recorded from 
South Africa, except for a small catalogue of the Mosses of Cape Colony 
published by J. Shaw in 1878. It may be by no means complete, but it 
is published in the hope that it may be the means of getting further 
material from collectors for identification, so that the record may be made 
still more up-to-date. 

‘‘A Mesostoma from Bloemfontein (M. Karrooense, n. sp.),’’ by T. F. 
DREYER. 

A description is given of this new species of worm obtained from a 
small temporary pond on clay soil, which is always contaminated with 
cattle droppings. Although the whole organization of the animal indicates 
a close relationship with Mesostoma lingua, it possesses a vagina, the 
absence of which is one of the diagnostic features of the family Typhlo- 
planidae; and in connection with this, goes the absence of the bursa, 
which is typically present in the genus Mesostoma. The points of resem- 
blance between the present animal and other species of Mesostoma are, 
however, so numerous that it would be folly to establish a new family to 
receive it; the only correct course is to drop “ vagina absent’’ from the 
diagnostic characters of the Typhloplanidae in future. 

“Note on Hesse’s Generalization of Pascal’s Theorem,’ by THomas 
Muir, LL.D. 

The purely geometrical theorem known as Pascal's was investigated 
by Cayley and others as a theorem in co-ordinate geometry, and Hesse, in 
doing so, had the good fortune to employ certain identities which he saw 
to be capable of a wider application, and thus to lead to a generalization of 
Pascal’s geometrical result. The present paper extends the said identities 
and seeks to place them in their natural relation to others of importance in 
a different domain. 

‘‘Herpetomonidae found in Scatophaga hottentota (Diptera) and 
Chamaeleon pumilis (Lacertilia),’’ by H. Bayon. 

Descriptions are given of flagellate protozoa found as parasites in the 
common “ blind-fly’’ on Robben Island and in the chamaeleon. Though 
slight differences in size and appearance are noticeable in these Herpeto- 
monads from different sources, still they certainly are not more marked 
than those found in samples taken from the same artificial culture of 
Leishmania at a few days’ interval ; therefore it does not seem advisable 
at the present stage of our knowledge to postulate two distinct species of 
protozoa. It does not seem excluded that a chamaeleon can get infected 
through swallowing a fly containing Herpetomonidae in its gut. It is 
usually admitted that flies infect each other by the contaminative or 
“casual ”’ method, i.e. by ingesting faeces containing encysted protozoa 
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of the Herpetomonas group. The same is considered to hold good for 
the similar parasites found in fleas and lice. 


ANNUAL MEETING. 
October 21, 1914. 


The President, Dr. L. PERINGUEY, was in the Chair. 
Professor R. B. Youne was elected a Fellow. 


ORDINARY MEETING. 
October 21, 1914. 
The President, Dr. L. PErtnGuey, was in the Chair. 


The Minutes of the Ordinary Meeting held on September 16th were 
confirmed. 

Mr. TH. WaAssENAAR was nominated for membership. 

The President gave notice of the election of the Council, President 
and Officers, and announced the recommendation to the Society as 
Members of Council for 1915 the following seven Members of the existing 
Council: L. Crawrorp, E. J. Gopparp, W. A. Jonny, F. E. 
L. Périncury, W. F. Purcent and J. R. Surron; and the following five 
Fellows :—J. K. E. Hau, C. F. Jurtrz, R. A. Lexretot, Sir A. THEILER, 
and A. Marius WILson. 

The Council further recommended L. PErtneugry as President, L. 
CrawrorpD as Hon. Treasurer, W. A. Jouty as Hon. General Secretary. 

Exhibits :— 

Specimens of blué Asbestiform Crocidolite were exhibited by Professor 
A. Youna. 

These specimens show & peculiar conical structure hitherto unrecorded. 
They come from the Prieska district. The asbestos fibres as usual lie 
parallel to each other and at right angles to the stratification planes of the 
magnetic quartzites in which the asbestos layer is enclosed. Here and 
there the asbestos layer swells out into a cone of about 2 inches basal 
diameter and about 14 high. 

In the cone the fibres are all parallel to the axis of the cone, while the 
magnetite layer forming the upper surface is completely fractured into a 
series of steps ascending to the apex. These step-like segments, if dropped 
down to the base of the cone, would obviously fit together and merely 
occupy the area of the base. 
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“ Exhibition of Limnocnida rhodesiae, Bigr.,’’ by Mr. K. H. Barnarp. 

Since the first discovery of a fresh-water jelly-fisb under artificial con- 
ditions in London in 1880, several other species have been discovered in 
various parts of the world. Most have been found in Africa—in the 
basins of the Nile, Congo, and Niger. Quite recently Dr. Arnold, of the 
Bulawayo Museum, has discovered a new species in the Zambesi River 
at Livingstone. The species is being investigated by C. L. Boulenger 
and Dr. Arnold. 

Exhibition of specimens showing ‘Life History of Strongylus 
Douglasi,”” by Dr. H. Bayon, 

Droppings containing eggs of the helminth causing “ vrot magen ” in 
ostriches have been kept at room temperature, and show after three 
months numerous living larval stages of the parasite. These were 
described. 

A demonstration was given of the following protozoa :— 

1. Leishmania of oriental sore in living pure culture. 

2. A hemogregarine from the spleen of a sewer rat caught in 
Cape Town. 

3. Coccidium cuniculi from the liver of a wild rabbit from Robben 
Island. 

Papers :— 

(a) ‘‘Some New South African Aloes,” by J. B. Evans. 

The paper describes six new Aloes from the Transvaal, viz. :— 

1. Aloe longibracteata, Section Saponariae, Berg. 
. Aloe Pienaarii, Section Tropicales, Berg. 
. Aloe Wickensii, Section Tropicales, Berg. 
. Aloe ylobuligemma, Section Pleurostachya, Berg. 
. Aloe Pretoriensis, Section Arborescentes, Berg. 
. Aloe aculeata, Section Principales, Berg. 

Of these A. Pienaarti, A. Wickensii, A. globuligemma, and A. aculeata 
may be regarded as sub-tropical to tropical species. 

(6) Optical Illusions,” by TH. WassENAaR. 

(c) ‘On a New Genus of Fresh-water Oligochaetes (of uncertain 
position),”” by E. J. Gopparp and C. 8. GroBBELAAR. 

(d) “On the Space-lattice of Liquid Crystals,’’ by J. 8. v. d. Lingen. 

The theory of the identity of molecules which cause the different forms 
of crystals of the same substance was discussed briefly. 

Experiments on the magnetic nature of certain liquid crystals were 
then described. The principal axis of the molecules lies parallel to the 
lines of magnetic force when the molecules are not influenced by other 
forces. 

As regards the optical properties of liquid crystals, the pseudo-isotropic 
layers behave like uniaxial crystals cut perpendicular to the axis. 
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Vorlaender’s experiments on such layers in convergent light show the 
well-known rings and crosses of uniaxial crystals. He believes that the 
pseudo-isotropic layers have space-lattices. When Roentgen rays are 
passed through such layers no interference phenomenon is obtained ; hence 
there is no space-lattice. This indicates that— 

1. The molecule itself is a small crystal possessing magnetic axes. 

2. A change in the structure of the molecule itself causes a change in 
the form of the crystals of the same substance. 
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Stellenbosch. 

Hardenberg, C. B., M.A., New Hanover 
Rail, Natal. 

Harger, H. S., P.O. Box 1945, Johannesburg. 

Haarhoff, D. J., Kimberley, C. P. 

Haughton, Sidney H., B.A., South African 
Museum, Cape Town. 

Hayward, 8S. H., L.D.S., Colonial Mutual 
Buildings, Cape Town. 

Henkel, J. 8., Forest Department, Knysna, 
O. P. 

Heymans, A., M.D., P.O. Box 259, Pre- 
toria. 

Howard, R. N., M.R.C.S., O’okiep, C. P. 

Howitt, A. Gordon, Cape Town. 

Hugo, D. de V., M.B., C.M., Mansion 
House Chambers, Cape Town. 

Humphreys, W. A., B.A., 
Survey, Pretoria. 

Hutcheon, James, W.A., F.R.G.S., South 
African College School, Cape Town. 

Jacot, E., B.A., South African College, 
Cape Town. 

Jagger, J. W., F.S.S., M.L.A., St. George's 
Street, Cape Town. 

Janisch, N., Office of the Administrator, 
Cape Town. 

Janse, A. J. T., Normal College, Pretoria. 
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Jardine, W., P.O. Box 153, Cape Town. 

Johnston, W., Rhodes Buildings, Cape 
Town. 

Kannemeyer, D. R., Smithfield, O. F. 8. 

Kehoe, D., M.R.C.V.S., Department of 
Agriculture, Pretoria. 

Kent, Thomas P., M.A., South African 
College, Cape Town. 

Kirkman, A. H., F.R.C.S.E., Queen’s 
Town, C. P. 

Kitching, C. McGowan, B.d., M.D., St. 
George’s Street, Cape Town. 

Kolbe, Rev. F. C., B.A., D.D., St. Mary’s 
Presbytery, Cape Town. 

Krapohl, J. H. C., B.A., Concordia, C. P. 

Lawrence, F. J., Tulbagh, C. P. 

Legat, C. L., Department of Forestry, 
Pretoria. 


College, Pretoria. 

Leslie, T. N , Vereeniging, Transvaal. 

Lester, J. B., W.D., Queen Victoria Street, 
Cape Town. 

Leviseur, M., Bloemfontein, O. F. S. 

Lewis, Alfred D., B.A., Irrigation Depart- 
ment, Cape Town. 

Lindley, J. B., C.M.G., M.d., 
Claremont, C. P. 

Lithman, K. V., P.O. Box 640, Cape Town. 

Littlewood, E. T., W.A., B.Sc., Wynberg, 
G. F. 

Lloyd, A. C. G., B.A., South African Public 
Library, Cape Town. 

Logeman, W. H., W.d4., Grey University 
College, Bloemfontein, O. F. 8. 

Lotz, H., Ph.D., Haarlem, Holland. 

Lyle, J., M.A., Grey College School, Bloem- 
fontein, O. F. 8. 

Malan, D. E., M.A., Ziirich. 

Malleson, P. R , Ida’s Valley, Stellenbosch, 
Cc. P. 

Mally, C. W., M.Sc., 
bray, C. P. 


LL.B., 


Transactions of the Royal Society of South Africa. 


| McLeish, R.D., P.O. Box 616, Kimberley, C.P. 


Meiring, I. P. van H., Worcester, C. C. 

Mendelssohn, S., Campden Hill, London. 

Menmuir, R. W., A.M.I.C.E., Church 
Square, Cape Town. 

Methuen, Hon. Paul A., F.Z.S., The 
Museum, Pretoria. 

Mitchell, D. T., M.R.C.V.S., Department of 
Agriculture, Pretoria. 

Moffatt, J. B., Census Office, Pretoria. 

Moir, J., M.A., D.Sc., Mining Chemist, 
Government Lab., P.O. Box 1080, 
Johannesburg. 

Molengraaff, G. A. F., Ph.D., Delft, 
Holland. 

Murray, C. F. K., W.D., Kenilworth House 
Kenilworth, Cape. : 


| Nobbs, E., Ph.D., B.Sc., Department of 
Le Roux, T. E., B.A., Litt.D., University | 


Agriculture, Salisbury, Rhodesia. 

Orpen, J. M., P.O. St. Mark’s Road, East 
London. 

Park, Sir Maitland H., Kt., M.A., LL.D., 
Cape Times Buildings, Cape Town. 

Pealing, G. H., M.Sc., South African Col- 
lege, Cape Town. 

Petersen, Julius, W.B., C.M., Hope Street, 
Cape Town. 

Pickstone, H. E. V., Groot Drakenstein, 
Paarl, C. P. 

Pillans, N. S., Rosebank, C. P. 

Péch, R., M.D., Vienna. 

Potts, G., B.Sc., Ph.D., Grey University 
College, Bloemfontein, O. F. S. 

Proctor, J., Mafeking, C. P. 


| Ritchie, W., M.A., South African College, 


Templestowe, Mow- | 


Mansergh, C. W. L., I.S.0., Provincial | 
Administration, 3, Wale Street, Cape | 


Town. 

Marshall, G. A. K., F.E.S., F.Z.S., 6, 
Chester Place, London, W. 

Maxfield, J. W., A.R.C.S., P.O. Box 4552, 
Johannesburg. 

Maynard, G. D., F.R.C.S., South African 
Institute for Medical Research, Johan- 
nesburg. 


Cape Town. 

Roberts, Rev. N., The Vicarage, Pieters- 
burg, Transvaal. 

Rose, J. G., F.C.S., Agricultural Depart- 
ment, Cape Town. 

Roseveare, W. N., M.A., Natal University 
College, Maritzburg. 

Russell, W. A., M.A., Education Depart- 
ment, Cape Town. 

Sandes, T. Lindsay, W.A., M.D., 8S. A. 
Mutual Buildings, Cape Town. 

Schreiner, Hon. W. P., C.M.G., K.C., M.A., 
LL.M., High Commissioner’s Offices for 
Union of South Africa, London. 

Scully, Gerald C., M.A., Huguenot College, 
Wellington, C. P. 

Sharples, Rev. William G., Plettenberg 
Bay, C. P. 
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List of Officers, Fellows, and Members. 


Silberbauer, C. F., Cape Town. 


Cape Town. 
Smith, F. B., B.A., Secretary for Agri- 
culture, Pretoria. 


Smuts, Hon. J. C., B.A., LL.B., Depart- | 


ment of the Treasury, Pretoria. 


Snape, A. E., M.Sc., A.MInst.C.E., South | 
| Wahl, R. O., B.A., School of Agriculture, 


African College, Cape Town. 
Stephens, (Miss) E. L., B.A., F.L.S., South 
African College, Cape Town. 


Stewart, C. B., B.Sc., Meteorological De- | 


partment, Pretoria. 
Stewart, T., F.G.S., M.I.C.E., St. George’s 
Street, Cape Town. 

Stoney, W. W., J/.D., Kimberley, C. P. 
Stott, C. H., F.G.S., Pietermaritzburg, 
Natal. 
Swierstra, 

Pretoria. 
Taylor, W. H., Willowmore, C. P. 
Theiler, Sir Arnold, K.C.M.G., D.Sc., Agri- 
cultural Department, Pretoria. 
Thompson, W. Wardlaw, F.Z.S., 
Bay, C. P. 
Thomson, R. B., W.B., Ch.B., F.RS.E., 
South African College, Cape Town. 


Cc. J., Transvaal Museum, 


Tooke, W. Hammond, Graham’s Town, | 


Tredgold, Hon. 
Attorney - General’s 
Rhodesia. 
Tregarthen, W. Coulson, Mus. B., The Her- 
mitage, Queen’s Town, C. P. 
Tucker, Hon. W. K., C.M.G., 
nesburg. 


C. H., 


Office, Salisbury, 


Johan- 


Kalk | 
| Wilman, (Miss) M., Museum, Kimberley, 


LL.B., K.C., | 


| Young, 
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| Van der Lingen, J. Steph., B.A., South 
Simpson Wells, A., M.A., M.D., F.R.C.S.E., | 


African College, Cape Town. 

Versfeld, J. J., L.R.C.S., L.R.C.P., Stellen- 
bosch, C. P. 

Wager, H. A., A.R.C.S., Transvaal Uni- 
versity College, Pretoria. 

Wagner, Percy A., Dr. Ing., B.Se., M.E., 
P.O. Box 1277, Pretoria. 


Grootfontein, C. P. 

Walker, A R. E., B.Sc., A.R.C.S., South 
African College, Cape Town. 

Walker, James, W.R.C.V.S., Veterinary 
Research Laboratory, Pretoria. 

Wallis, A. H., Mafeking, C. P. 

Walsh, A., P.O. Box 39, Cape Town. 

Walsh, Lionel H., Kenilworth, Cape. 

Walters, J. A. T., B.A., Department of 
Agriculture, Salisbury, Rhodesia. 


_ Webber, W.S., P.O. Box 1088, Johannesburg. 
| Whaits, Rev. J. H., The Rectory, Beaufort 


West, C. P. 
Williams, D., B.Sc., Rhodes University 
College, Graham's Town, C. P. 


2. 
Wood, D. J., .B., C.M., Cape Town. 
Wood, H. E., M.Sc., F.R.A.S., Union 
Observatory, Johannesburg. 
Young, A., M.A., D.Sc., South African 
College, Cape Town. 
BR. B. M.A., D.Be., F.RE.EZ., 
F.G.S., School of Mines and Technology, 
Johannesburg. 


| Zealley, A. E. V., A.R.C.S., Geological 


Survey, Bulawayo, S. Rhodesia. 
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ADDITIONS TO THE LIBRARY DURING 1913. 


ADELAIDE, AUSTRALIA. 

Royal Geographical Society of Australasia: South Australian Branch. 
Proceedings. For the Session 1910-1911, vol. xii.; and for the 
Sessions 1911, 1912, vol. xiii. For the Session 1912-1913, 
vol. xiv. 


AMSTERDAM. 
Koninklijke Akademie van Wetenschappen te Amsterdam. 
Proceedings of the Section of Sciences, vol. xv., parts 1, 2. 


BALTIMORE, MARYLAND, U.S.A. 
The Johns Hopkins University. 
Circular, 1912, Nos. 2, 3, 4, 5, 6, 7, 8, 9, 10; 1913, Nos. 1, 2, 3, 
4, 5, 6. 
Studies in Historical and Political Science, series xxx., Nos. 
2, 3; series xxxi., Nos. 1, 2. 
Bulletin, Nos. 262, 263, 264, 265, 266, 267, 268, 269, 270, 271, 
272, 273, 274. 


BARCELONA. 
Club Montanyene Associacio de Ciencies Naturals I Excursions. 
Butlleti, Nos. 4—5, 6-7, 8-10. 


BEATTIE (Professor J. C.) and Morrison (Professor J. T.). 

“On Magnetic Work in Southern and Central Africa, 1908 to 1909.” 
(Reprinted from Publication No. 175 of the Carnegie Institution 
of Washington.) 


BERKELEY, Cau., U.S.A. 
University of California. 
American Archaeology and Ethnology, vol. x., Nos. 4, 5; vol. xi., 
No. 1. 
Botany, vol. v., Nos. 1, 2, 3, 4, 5; vol. iv., Nos. 16, 17, 18, 19. 
Geology, vol. vii., Nos. 6, 7, 8, 11, 12, 13, 14, 15, 16, 17, 18, 
19, 20. 
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Additions to the Library during 1913. 


Cau., U.S.A.—continued. 
Physiology, vol. iv., No. 18. 
Zoology, vol. xi., Nos. 2, 3, 4, 5, 6, 7, and 8; vol. x., Nos. 9, 10; 
t-p, Index, and Contents; vol. ix., Contents, Index; vol. xii., 
Nos. 1, 2, 3. 
Memoirs. 
College of Agriculture—Agricultural Experiment Station. 
Bulletin, No. 221. 
Economics, vol. iii., Nos. 1, 2, 3. 
Library, Contents—Index, vol. i. 


BERLIN. 

K6niglich Preussischen Akademie der Wissenschaften. 
Sitzungsberichte, 1912, xxxix.—xl., xli—xliii., xliv.—xlvi., xlvii., 
xlviii.—xlix., 1.-lii., liii.; 1913, Nos. i-ii., iii., iv., v.—vii., viii—ix., 
X.-Xlii., Xiv.—-xv., XVi., XVii.—xviii., xix.—xxi., xxii., xxiii.—xxiv., xxv., 
XXV1.-XXVii., XXVill., XXixX.-xxxi,, XXxXii., XXxXiii._xxxiv., XXXv., 
XXXVi.-XXXVii., XXXViii., xxxix.—xl. 

K6niglich Preussischen Geologischen Landesanstalt zu Berlin. 
Beitrage zur Geologischen Erforschung der Deutschen Schutz- 
gebiete. Heft 2, “Geologie des deutschen Namalandes,” von 
Paul Range; Heft 3, ‘Geologie des Erongo im Hererolande,” 
von Hans Cloos; Heft 4, ‘‘ Geologie von Kaiser- Wilhelmsland,” 
von C. Gagel. 

K6niglich Preussischen Meteorologischen Instituts. 
Veroffentlichungen, No. 249, Ergebnisse der Niederschlag- 
Beobachtungen im Jahre 1910, von C. Kafsner; No. 253, Das 
Meteorologisch-Magnetische Observatorium bei Potsdam. 

Bericht, Jahre 1912. 


Bern (Schweiz). 
Schweizerischen Naturforschenden Gesellschaft. 
Verhandlungen, 95 Jahresversammlung vom. 8-11 September, 
1912, in Altdorf. 1, Teil; 2, Teil. 


R. Accademia delle Scienze Dell’ istituto di Bologna. 

Rendiconto, Classe di Scienze Morali, Serie Prima, vol. vi. 
(1912-13). 

Memorie, Classe di Scienze Morali, Serie i., Tomo vii., 1912-13, 
Sezione di Scienze Storico-Filologiche, Fascicolo Unico. Seriei., 
Tomo vii., 1912-13, Sezione di Scienze Giuridiche. Fascicolo 
Unico. 
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XXVi Transactions of the Royal Society of South Africa. 


Boston, Mass., U.S.A. 
The American Academy of Arts and Sciences. 
Proceedings, vol. xlix., Nos. 8, 9, 10. 


BovutpEr, Contorapo, U.S.A. 
The University of Colorado. 
Bulletin, vol. xiii., No. 1, “ List of Serials in the University of 
Colorado Library”’; No. 4, ‘‘The Practical Value of Birds.’ 
Studies, vol. x., Nos. 1, 2. 


BRISBANE. 
The Queensland Museum. 
Memoirs, vol. i. 


BRUXELLES. 
Academie Royale de Belgique. 
Bulletin de la Classe des Sciences, 1912, Nos. 8, 9-10, 11, 12; 
1913, Nos. 1, 2, 3, 4, 5, 6, 7, 8. 
Annuaire, 1913. 


Bucaanan, J. Y., Esq., F.R.S. 
Experimental Researches on the Specific Gravity and the Displace- 
ment of some Saline Solutions. 


Buenos AIREs. 
Sociedad Physis Para el Cultivo y Difusion de las Ciencias Naturales 
en la Argentina. 
Boletin, Tomo i., Nos. 3, 4. 
Museo Nacional de Historia Natural de Buenos Aires. 
Anales, Tomo xxiii. 
Universidad Nacional de la Plata Museo. 
Revista, Tomo xviii. 
CaLcuTta, 
The Asiatic Society of Bengal. 
Journal and Proceedings, vol. vi., No. 12; vol. vi., Extra No., 
December, 1910; vol. vi., Plates xli.-xlv. to Numismatic ; Supple- 
ment No. 15, vol. vi., No. 2; Plate xlvi., No. 15, vol. vi., No. 2; 
vol. vii., Nos. 4, 5, 6, 7, 8, 9, 10, 11 (1911); vol. vii., Extra No., 
Alexander Osoma de Kéros Memorial vol. ; vol. viii., Nos. 1, 2, 
3, 4, 5-6, 7-8, 9, 10; vol. ix., No. 1; vol. lxxv., part 1, 1912, 
part 2, 1912. 
Index to vol. vi., 1910. 
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Additions to the Library during 1913. Xxvii 


CaLcuTTa—continued. 
Index to Rare Mughal Coins, Numismatic Supplements i.—xv. 
Index to Numismatic Supplements i.—xvi. (Articles 1-100). 
Directions, List of Papers, etc., N.S., vol. vi., 1910. 
‘“‘ Sea Fishing,” by Dr. Travis Jenkins. 
Memoirs, vol. iii., No. 5, pp. 277-353 ; No. 6, pp. 355-405; No. 7, 
pp. 407-448. 


CAMBRIDGE, ENGLAND. 
Cambridge University Library. 
Report of the Library Syndicate for the year ending December 
31, 1912. 
Cambridge Philosophical Society. 
Proceedings, vol. xvii., parts 1, 2, 3. 


Care Town. 

The South African Association for the Advancement of Science. 
The South African Journal of Science, vol. ix., Nos.6,7, , , 
11, 13, 13; vol. New. 1, 3, 

Union of South Africa.—Department of Agriculture. 
Second Report of the Director of Veterinary Research, October, 
1912. 

The South African Museum. 
Annals, vol. xi., parts 3-4, 5; vol. x., parts 4, 5, 6; vol. vii., 
part 6, Title, Index, etc. ; vol. xii., part 1; vol. xiii., part 1. 
Report for years ended December 31, 1910, 1911, 1912. 


CASSEL. 
Vereines fiir Naturkunde zu Cassel. 
Bericht, xxix. und xxx. (1881-1883) ; xxxii. und xxxiii. (1884— 
1886); xlii. (1896-97), xliii. (1897-98), xliv. (1898-99), liii. 
(1909-12). 


Castro (Juan José). 
“Estudio sobre los Ferrocarriles Sud-Americanos y las Grandes 
Lineas Internacionales, publicado bajo los auspicios del Ministerio de 
Fomento de la Republica o. del Uruguay, y enviado 4 la Exposicion 
Universal de Chicago.” 


Cuicaco, U.S.A. 
Field Museum of Natural History. 
Zoological Series, vol. x., Nos. 9, 7, 8; vol. vii., No. 13. 
Geological Series, vol. iv., No. 2. 
Botanical Series, vol. iv., No. 8. 
Report Series, vol. iv., No. 3. 
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XXVili Transactions of the Royal Society of South Africa. 


CincinnaTI, Onto, U.S.A. 
The Lloyd Library of Botany, Pharmacy, and Materia Medica. 
Bulletin, No. —. Pharmacy Series, No. —. 
Pe » —. Botany Series, No. —. 

» —- Mycological Series, No. —. 
Biblingraphica! Contributions, No. 7-8. October, 1912; No. 9, 
January, 1913; No. 10, April, 1913. 

The Cincinnati Society of Natural History. 
Journal, vol. xxi., No. 3. 
National Electric Lamp Association. 
Abstract-Bulletin of the Physical Laboratory, vol. i., No. 1. 


CotumsiA, Missouri, U.S.A. 
The University of Missouri. 
Bulletin, Science Series, vol. i., No. 5; Series I. Mathematical 
and Physical Sciences: 5, Astronomy ; 6, Geology ; 7, Botany. 
Engineering Experiment Station Series, Contents and Index, 
i, 1912. 


Decatur, Iuurinois, U.S.A. 
The American Microscopical Society. 
Transactions, vol. xxxi, Nos. 3, 4; vol. xxxii., No. 1. 


Dinter (K.) (Botaniker des Kaiserlichen Gouvernments), Okahandja. 
Deutsch-Siidwest-Afrikas. 
“Die vegetabilische Veldkost Deutsch-Siidwest-Afrikas.”’ 


DRESDEN. 
Vereins fur Erdkunde zu Dresden. 
Mitteilungen, Band ii., Heft 5, 6, 7. 
Mitglieder- Verzeichnis, April, 1913. 


Dreyer, Thos. F. 
“ Uber das Blutgefasz- und Nervensystem der Aeolididae und Triton- 
iadae.”’ 


DUBLIN. 
The Royal Dublin Society. 
Scientific Proceedings, vol. xiv. (N.S.), Nos. 1, 2, 3, 4, 5, 6, 7; 
vol. xiii., Nos. 38, 39; vol. xiii., Title-page, Contents, and Index. 
Economic Proceedings, vol. ii., No. 6. 
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Additions to the Library during 1913. 


EDINBURGH. 
The Royal Society of Edinburgh. 
Proceedings, Session 1911-12, vol. xxxii., part 5, pp. 433-557 ; 
vol. xxxiii., part 1, pp. 1-128; part 2, pp. 129-224; part 3, 
pp. 225-316. 
The Royal Scottish Geographical Society. 
The Scottish Geographical Magazine, vol. xxix., Nos. 1, 2, 3, 4, 
5, 6, 7, 8, 9, 10, 11, 12; vol. xxviii., 1912, Contents and Index. 
Royal Physical Society. 
Proceedings, vol. xix., No. 1, pp. 1-16; No. 2, pp. 17-32; No. 3, 
pp. 33-48 ; No. 4, pp. 49-96. 


GOTTINGEN. 
K6niglichen Gesellschaft der Wissenschaften zu Gottingen. 

Nachrichten, Mathematisch-Physikalische Klasse. 1912, Heft 7; 

1912, Beiheft; 1913, Heft 1, 2, 3. 

Geschaftliche Mittelungen. 1912, Heft 2; 1913, Heft 1. 


GRAHAMSTOWN. 
The Albany Museum. 
Records, vol. ii., part 6. 


HALLE. ‘ 
Kaiserlichen Leopoldinisch-Carolinischen Deutschen Akademie der 
Naturforscher. 

Leopoldina, Heft xlviii. 

Nova Acta, Band xevi. 


HAMBURG. 
Hamburgischen Wissenschaftlichen Anstalten. 
Jahrbuch, xxix., Jahrgang 1911. 
Beiheft 1, 2, 3, 4, 5, 6, 7, , 9, 10, 8 (2, Teil). 


Haminton, CANADA. 
Hamilton Association for the Cultivation of Science, Literature, and 
Art. 


Journal and Proceedings, No. xxvii., Session 1911-12. 


Hopart, TASMANIA, 
The Royal Society of Tasmania. 
Papers and Proceedings, year 1912. 
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XXX Transactions of the Royal Society of South Africa. 


Hor, Dr. A. C. 
Fiarberische Studien an Gefiissbiindeln. Ein Beitrag zur Chemie der 
Elektivfarbungen. 

Iodo-Eosin as a Test for free Alkali in dried-up Plant Tissues. 


Hovey, S. S. 
Kighteen volumes of ‘‘ The Philosophical Transactions of the Royal 
Society of London, from their commencement, in 1665, to the year 

1800; Abridged, with Notes and Biographic Illustrations, by Charles 

Hutton, George Shaw, and Richard Pearson.” 


JANET, CHARLES. 
Pamphlets. 

No. 21. Organes sensitifs de la mandibule de 1’ Abeille. 
No. 22. Sur lexistence d’un organe chordotonal et d’une 
vésicule pulsatile antennaires chez l’Abeille et sur la morphologie 
de la téte de cette espéce. 
1911. F. 29. Constitution Morphologique de la Bouche de 
l’Insecte. 
n.n. “Sur l’Origine Phylogénétique de la division de l’Ortho- 
phyte en un Sporophyte et un Gamétophyte chez les 
Cormophytes.” 

Liste des Notes, 1-22. 


JOHANNESBURG. 

The Geological Society of South Africa. 

Transactions, vol. xv., July to December, 1912, pp. 77-164. 
Proceedings, to accompany vol. xv. of the Transactions, July to 
December, 1912, pp. lxxxii-xciv. 

The Chemical, Metallurgical, and Mining Society of South Africa. 
Journal, vol. xiii, Nos. 5, , ,8; Index, vol. xii., 1911-12; 
Contents, vol. xii. 

Union of South Africa. Union Observatory. 

Circular, Nos. 2, 3, 4, 5, 6, 7, 8, 9. 
Index of the Contents of the thirteen Circulars of the Transvaal 
Observatory. 
The Institute of Land Surveyors of the Transvaal. 
Journal, vol. iii., No. 4. 

Council of Education, Witwatersrand. 

“The Trades School in the Transvaal,’ by W. J. Horne, 
A.M.I.C.E., Organizer for Technical Education in the Transvaal. 
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Additions to the Library during 1913. XXxi 


J OHANNESBURG—continued. 
“‘Richterveld’’—The Land and the People. Public Lecture 
delivered by Miss A. W. Tucker, B.A., at Johannesburg, on ia 
31st March, 1913. (Twenty copies.) i¢ 


LAUSANNE. 
Société Vaudoise des Sciences Naturelles. iG 
Bulletin, 5-S., vol. xlviii., Nos. 177, 178, 179, 180. 


LAWRENCE, KANSAs. 
The University of Kansas. 

Science Bulletin, vol. v., Nos. 12-21, Zoology Number ; vol. vi., ' 

No. 1, Mathematics Number. ; 


LEIDEN. 
Rijks Herbarium. 
Mededeelingen, Nos. 8-14, 1912. 


LEIPzia. 
Gesellschaft fur Erdkunde zu Leipzig. 7 
Mitteilungen. Year, 1912. a 
Konigl. Sachsischen Gesellschaft der Wissenschaften. uy 
Abhandlungen, Mathematisch-Physischen Klasse, Des Bandes | 
xxxii., Nos. 5, 7. 
Berichte uber die Verhandlungen, Band lxiv., Nos. iii., iv., v., vi., Vil. ; 
Band lxv., i. 
Jahresbericht der Fiirstlich Jablonowskischen Gesellschaft, 
Leipzig, im Marz, 1913. . 


Lima, Perv. 
Cuerpo de Ingenieros de Minas del Peru. 
Boletin, Nos. 78, 79. 


LisBoa. 
Instituto de Anatomia. Faculdade de Medicina da Universidade de 


Lisboa. 
Archivo de Anatomia e de Anthropologia, No 1, 1912. 
Sociedade de Geographia de Lisboa. 
Boletim, 30. Serie, 1912, Nos. 11-12; 31. Serie, 1913, Nos. 1, 


2-3, 4, 5-6, 7, 8-9. 
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Lonpon. 
The Royal Society of London. 

Proceedings, Series A, vol. Ixxxvii., Nos. 598, 599; vol. Ixxxviii., 
Nos. 600, 601, 602, 603, 604, 605, 506 ; vol. lxxxix., Nos. 607, 608, 
609, 610, 611. 
Proceedings, Series B, vol. Ixxxvi., Nos. 584, 585, 586, 587, 588, 
589, 590, 591; vol. Ixxxvii., Nos. 592, 593. 
“The Celebration of the Two Hundred and Fiftieth Anniversary 
of the Royal Society of London, July 15-19, 1912.” 
Flora Capensis, vol. v., sect. 3, part 2; vol. v., sect. 3, part 1; 
vol. v., sect. 1, part 4. 


University College, London. 
Catalogue of the Periodical Publications in the Library of 
University College, London, by L. Newcombe. 


Royal Botanic Gardens, Kew. 
Bulletin of Miscellaneous Information, 1912. 
The Royal Anthropological Institute of Great Britain and Ireland. 
Journal, vol. xlii., 1912, July-December ; vol. xliii., 1913, January— 
June. 
The Royal Colonial Institute. 
“United Empire,” The Royal Colonial Institute Journal, vol. iv. 
(New Series), Nos. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12. 
Royal Colonial Institute Year Book, 1913. 
The Royal Geographical Society. 
i“ Journal, vol. xli., Nos. 1, 2, 3, 4, 5,6; vol. xlii., Nos. 1, 2, 3, 4, 5, 6. 
International Catalogue of Scientific Literature. 
A, Mathematics, 11; B, Mechanics, 10, 11 ; C, Physics, 10, 11; 
D, Chemistry, 10; E, Astronomy, 11; F, Meteorology, 10; G. 
Mineralogy; H, Geology, 10; J, Geography, 10, 11; K, 
Palaeontology, 10; L, General Biology, 10; M, Botany, 10; N, 
Zoology, 11; O, Anatomy, 10; P, Anthropology, 10; Q, 
Physiology, 9; R, Bacteriology. 


Royal Astronomical Society. 
Monthly Notices, vol. lxxiii., Nos. 1, 2, 3, 4, 5, 6, 7, 8, 9. 
The Zoological Society of London. 
Proceedings of the General Meetings for Scientific Business, 
. 1912, part 4, pp. 757 to 913; 1913, part 1, pp. 1-152; part 2, 
pp. 153-337 ; part 3, pp. 339-860. 
Transactions, vol. xx., parts 3, 4, 
Index, 1901-10. 
List of Fellows, etc., to May 31, 1913. 
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LonDon—continued. 
The Institution of Civil Engineers. 
Minutes of Proceedings, with other selected and abstracted 
papers, vol. clxxxix., 1911-12, part 3; vol. cxe., 1911-12, part 4 ; 
vol. exci., 1912-13, part 1; vol. excii., 1912-13, part 2. 
The British Museum (Natural History). 
Catalogue of the Lepidoptera Phalaenae, vol. xi. 
A Monograph of the Mycetozoa, by Arthur Lister, 2nd ed. ; 
revised by Gulielma Lister. 
Guide to the Exhibition of Animals, Plants, and Minerals 
mentioned in the Bible (Special Guide, No. 5). 
Catalogue of the Lepidotera Phalaenae, vol. xi., Plates, elxxvi.— 
exci. 
The Geological Society of London. 
Quarterly Journal, vol. lxviii., part 4, Nos. 272, 273, 274, 275. 
Geological Literature added to the Geological Society’s library 
during the year ended December 31, 1911 (issued December, 1912). 
List of the Geological Society of London, April 23, 1913. 
The Royal Meteorological Society. 
Quarterly Journal, vol. xxxix., Nos. 165, 166, 167, 168. 
Report of His Majesty’s Astronomer at the Cape of Good Hope to the 
Secretary of the Admiralty, for the year 1912. 
The Eugenics Education Society. 
The Eugenics Review, vol. v., No. 1, April, 1913. 
lliffe & Sons, Ltd.” 
The Autocar Imperial Year Book, 1913. 
The Motor Cycle, vol. ii., Nos. 536, 545, 554. 


MANCHESTER. 
The Manchester Geographical Society. E 
Journal, vol. xxvii., part 4, 1911; vol. xxviii., parts 1, 2, 1912; id 
vol. xxviii., parts 3, 4, 1912. 
The Manchester Literary and Philosophical Society. 
Memoirs and Proceedings, vol. lvi., part 3; vol. lvii., parts 1, 2 


Mania, P. I. 
The Bureau of Science, Manila, Philippine Islands. . a 
The Philippine Journal of Science. 1 

Section “A,” Chemical and Geological Sciences, and the In- 
dustries, vol. vii., Nos. 3, 4, 5, 6; vol. viii., Nos. 1, 2. 
Section “B,”’ The Philippine Journal of Tropical Medicine, 
vol. vii., Nos. 4, 5, 6; vol. viii., Nos. 1, 2, 3, 4. 

Section “C,”’ Botany, vol. vii., Nos. 5, 6; vol. viii., Nos. 1, 2, 3, 4. 
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Manita, P. I.—continued. 
Section “D,’’ General Biology, Ethnology, and Anthropology, 
vol. vii., Nos. 4, 5, 6; vol. viii., Nos. 1, 2, 3. 
Bulletin of the Philippine Library, vol. i., Nos. 3, 4, 5, 6, 7, 8, 
, 3%, 2; vel. Noa. 1, 3. 
Eleventh Annual Report of the Bureau of Science, for the year 
ending August 1, 1912. 


MARSEILLES. 
Faculté des Sciences de Marseille. 
Annales, tome xviii., Fasc. 1 to 13; tome xx.; tome xx. 
(Supplement) ; tome xxi., Fase. 1, 2, 3, Table des Matiéres. 


MELBOURNE. 
The Public Library, Museums, and National Gallery of Victoya. 
Report of the Trustees for the year 1912. 
Royal Society of Victoria. 
Proceedings, vol. xxv. (New Series), part 2; vol. xxvi., part 1. 


Mexico (Mexico). 
Sociedad Cientifica Antonio Alzate.”’ 
Memorias y Revista, tomo xxix., Nos. 7412; tomo xxx., Nos., 
1 y 2, 3, 4, 5 and 6, 7, 8 and 9, 10, 11 and 12; tomo xxxi., 
Nos. 1, 2, 3, 4, 5 and 6, 7, 8, 9, 10, 11 and 12; tomo xxxii., 
Nos. 1, 2 and 3, 4, 5 and 6. 
Observatorio Meteorologico Magnetico Central de Mexico. 
rh Boletin Mensual, 1912, Mayo, Junio, Julio, Agosto, Septiembre, 
Octubre, Noviembre, Diciembre. 


Moscov. 
Société Imperiale des Naturalistes de Moscou. 

Bulletin, Année 1911, No. 4, Nouvelle Série, tome xxv.; 

Année 1912, No. 4, Nouvelle Série, tome xxvi. 


MincHen, Bavaria. 
K6niglich-Bayerische Akademie der Wissenschaften zu Miinchen. 
Abhandlungen, xxv., Band 2, Suppl.—Bd. 8, Abh. 9, Abh. 9, 10; 
Inhalt des xxv. Bandes; xxvi., Band 1, 2, 3, 4, 5, 6. 
Sitzungsberichte der mathematisch-physikalischen Klasse. 
1912, Heft ii. (Mai bis Julisitzung); Heft iii. (November-und- 
Dezembersitzung) ; 1913, Heft i., ii. 
Festrede gehalten in der 6ffentlichen Sitzung d. K. Ak. d. Wiss., 
am 16 Nov., 1912, v. Dr. C. v. Linde. 
Register, zu den ersten 50 Jahrgiingen der Sitzungsberichte 
der mathematisch-physiklischen Klasse, 1860-1910. 
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NANTES, FRANCE. 
Société des Sciences Naturelles de l’Ouest de la France. 

Bulletin, Troisiéme Série, tome i., 3, Trimestre, 1911 ; Troisiéme 

Série, tome i., 4, Trimestre, 1911; tome ii., Trimestre 1 et 

2, 1912. 


NAPOLI. 
R. Accademia delle Scienze Fisiche e Matematiche (Sezione della. 
Societa Reale di Napoli). 

Rendiconto, Série 3, vol. xviii, Fasc. 10, 11 e 12; vol. xix., 


Fasc. 1 e 2, 3, 4 e 5. 


NEWCASTLE-UPON-TYNE. 
University of Durham Philosophical Society. 

Proceedings, vol. iv., part 5, 1911-12; vol. v., part 1 (1912- 

13) ; vol. v., part 2 (1912-13). 


New ORLEANS. 
Louisiana State Museum. 
Third Biennial Report of the Board of Curators, April 1, 1910- 


March 31, 1912. 


New York. 
The New York Academy of Sciences. 
Annals, vol. xxii., pp. 1-8, 9-112, 113-133, 135-160, 161-224, 
225-258, 259-266, 267-294, 295-319, 321-326, 327-333, 335-337, 
339-423. 
The American Geographical Society. 
Bulletin, vol. xliv., Nos. 11, 12; vol. xlv., Nos. 1, 2, 3, 4, 5,6, 7, 8, 
9, 10, 11. 


Index, vol. xliv. 


NORTHAMPTON. 
The Homeland Residential Guides. 
No. 2, Northampton. 


Operuin, On10, U.S.A. 
The Wilson Bulletin. 

Vol. xxiv., Nos. 3 (80), 4 (81); vol. xxv., Nos. 1 (82), 2 (83),3 (84), 

Index, vol. xxiii., 1911; vol. xxiv., 1912. 


Ortawa, CANADA. 
Department of Mines. 

Geological Survey, Memoirs, Nos. 178, 35, 33, 37. 

25 


} 
fa 
XXXV 7 
| 2 
— 
i 
if 
{ 
| 


i XXXVi Transactions of the Royal Society of South Africa. 


Orrawa, CanaDa—continued. 
The Royal Society of Canada. 
Proceedings and Transactions, Third Series, vol. v., Meeting of 
May, 1911; Third Series, vol. vi, Meeting of May, 1912. 


Paris. 
} La Feuille des Jeunes Naturalistes. 
Nos. 504, 505, 506, 507, 508, 509, 510, 511, 512, 513, 514, 515, 516. 


U.S.A. 

The American Philosophical Society. 
Proceedings, vol. li., Nos. 206, 207, 208, 209. 
List of the American Philosophical Society, August, 1912. 

The Academy of Natural Sciences of Philadelphia. 
Proceedings, vol. lxiv., part 2, April-August, 1912; part 3, 
September, October, November, December, 1912; vol. Ixv., 
Part 1, January-March. 


PIETERMARITZBURG. 
The Natal Museum. 
Annals, vol. ii., part a, August, 1913. 


PRETORIA. 

Union of South Africa. Mines Department. 
Annual Reports for 1911, part 3, Geological Survey; Annual 
Reports for 1912, part 4, Geological Survey. 
“The Geology of the Country round Warmbaths and Nylstroom, 
including the Rooiberg Tinfields,” with Sheet No. 10 (Nylstroom) 

The Transvaal Museum. 
Annals, vol. iii., part 4; vol. iv., parts 1, 2. 


Princetown, N.J., U.S.A, 
The Princetown University Observatory. 
Contributions, No. 2, Photometric Researches—The Algol-System 
Z Draconis, by R. §. Dugan. 


Rarrray (A). 
Reprint from vol. xvi., part 2, 2nd Ser. Zoology, of the Transactions 


of the Linnean Society of London. 
The Percy Sladen Trust Expedition to the Indian Ocean in 1905. 
Vol. v., No. 8, Coleoptera, Pselaphidae, de 1l’Archipel des 


Seychelles (September, 1913). 
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RICHMOND, SURREY, ENGLAND. 
The National Physical Laboratory. 
Collected Researches, vii. x., 1913. 


Roma. 
Reale Accademia dei Lincei. 

Atti Della Reale Accademia dei Lincei, Rendiconti—Classe di 
Scienze Fisiche, Matematiche e Naturali, vol. xxi., Fase. 10, 
2 Sem., 11, 12; vol. xxii., Nos. 1,2, , 4, 5, 6, 7, 8, 9, 10, 11, 12; 
1, 4, 6,6, 7,3,9. 
Rendiconti, Citggse di Scienze Morali, Storiche e Filologiche, 
Serie Quinta, vol. xxi., Fasc. 7-10, 11-12; vol. xxii., Fase. 1-2, 
3-4, 5-6. 
Atti, Rendiconto dell’ Adunanza Solenne del I Giugno 1913 
Onorata dalla presenza di sua Maesta II Re. 


RorrerDAM. 
Nederlandsche Entomologische Vereeniging. 
Tijdschrift voor Entomologie, 1912, Deel lv., Vierde Afle ; 1913, 
Deel lvi., Eerste en Tweede Afl., Derde Afi. 
Berichten, Deel iii., Nos. 67, 68, 69, 70, 71, 72. 
Register, Deel iii., Nos. 49-72. 


Rousseau (Chas. M.). 
“ The Analysis of Light.” A Force of Nature. 


Sr. Louis, Mo., U.S.A. 
Missouri Botanical Garden. 
Twenty-third Annual Report. 
Washington University. 
Studies, vol. i., part 1, No. 1 (Series iv., vol. i, No. 1); vol. i., 
part 2, No. 1 (Series iv., vol. i., No. 2). 


Sr. PETERSBURG. 
L’ Academie Imperiale des Sciences de St.-Petersbourg. 
Bulletin, 1912, Nos. 17, 18; 1913, Nos. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
11, 12, 13, 14, 15. 


STocKHOLM. 
Kungl. Vitterhets Historie Och Antikvets Akademien. 
Fornvannen, 1912. 
Kungl. Svenska Vetenskapsakademiens. 
Meddelanden Fran Vetenskapsakademiens Nobel Institut. 
Les Prix Nobel en 1911. 
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Sypney, New Soutn WaAtgs. 
New South Wales. Department of Mines. Geological Survey. 
Mineral Resources, No. 17, Report on the Cobar Copper and 
Gold-Field, part 1; Maps; No. 7, Mercury, or “ Quicksilver,” in 
New South Wales, by J. E. Carne. 
The Royal Society of New South Wales. 
Journal and Proceedings, 1911, vol. xlv., part 4; 1912, vol. xlvi., 
parts 1, 2; 1913, vol. xlvii., part 1. 
The Australian Museum. 
Records, vol. x., Nos. 1, 2, 3, 4, 5; vol. viii., No. 4; vol. ix., 
{1 Nos. 3, 4; vol. x, No. 6. 
ba Special Catalogue, No. 1, vol. iv., parts 1, 2, 3. 
Memoirs, No. 4, part 17. 
The Linnean Society of New South Wales. 
Proceedings, vol. xxxvii., part 2, No. 146; part 3, No. 147; 
part 4, No. 148; vol. xxxviii., part 1, No. 149; part 2, No. 150. 
Australasian Association for the Advancement of Science. 
Report of the Thirteenth Meeting, held at Sydney, 1911. 
The University of Sydney. 
Reprints of Papers from the Science Laboratories of the 
University of Sydney, 1908-9 to 1911-12, 2 volumes, “A” 
and B.”’ 
Calendar for the year 1913. 


TASMANIA. 
Department of Mines. 

Geological Survey Bulletin, No. 13, The Preolenna Coal-field 

and the Geology of the Wynyard District, by Loftus Hills, M.Sc. 


Tokyo. 
The Imperial Academy. 
Proceedings, vol. i., Nos. 1, 2. 


TORINO. 
R. Accademia delle Scienze di Torino. 
Atti, Classe di Scienze Fisiche, Matematiche e Naturali, vol. 
xlviii., Disp. la. (1912-13), 2, 3, 4-5, 6, 7, 8, 9, 10, 11, 12, 13, 
14, 15. 
Osservazioni Meteorologiche, fatt nell’ anno, 1912; Dott. 
Giovanna Greggi. 
Musei di Zoologia ed Anatomia Comparata della R. Universita di 
Torino. 
Bollettino, vol. xxvii., 1912, Nos. 645-664. 
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TORONTO. 
The Canadian Institute. 
Transactions, vol. ix., part 3, No. 22. November, 1912. 


UppsaLA AND STOCKHOLM. 
Kungl. Svenska Vetenskapskademiens. 
Arkiv for Botanik, Band 11, Hafte 4; Band 12, Hafte 1-2. 
Arkiv for Kemi, etc., Band 4, Hafte 4-5. 
Arkiv for Matematik, etc., Band 8, Hafte 1-2. 
Arkiv for Zoologi, Band 7, Hafte 4. 
Handlingar, Band 49, Nos. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, Férteck- 
ning 6fver Skrifter utgifna af Professor Gustaf Retzius; Band 
48, No. 3; Band 50, No. 1. 
Arsbok, year 1912. 


Urpana, Inutnots, U.S.A. 
Illinois State Laboratory of Natural History. 
Bulletin, vol. ix., Articles 6, 7-8. 


Wasuineton, U.S.A. 
U.S. Department of Agriculture. 
Bulletin of the Mount Weather Observatory, vol. v., parts 3, 4, 5, 
6; vol. vi., No. 1. 
Smithsonian Institution. United States National Museum. 
Report on the Progress and Condition of the United States 
National Museum, year ended June 30, 1911. 
Bulletin, Nos. 79, 80, 81. 
Contributions from the United States National Herbarium, vol. 
xvi., parts 8, 9, 4, 5, 6, 7, 12; vol. xvii., parts 1, 2, 3. 
Reprints, Nos. 1932, 1934, 1938, 1968, 1970, 1974, 1966, 1955, 
1972, 1977, 1979, 1981, 1984, 1986, 1988, 1991, 1982, 1987, 2001, 
2004, 2000, 1942, 1945, 1947, 1949, 1951, 1953, 1956, 1958, 1960, 
1962, 1964, 2008, 2010, 2015, 2017. 
Proceedings of the United States National Museum, vols. 
xlii., xliii. 
Smithsonian Miscellaneous Collections, vol. —. 
Errata for Bulletin 79, U.S. Nat. Museum. 5 s 
Annual Report of the Board of Regents of the Smithsonian 
Institution for the year ending June 30, 1911. 
Department of Commerce and Labour. 
Coast and Geodetic Survey. Results of Observations made at 
the Coast and Geodetic Survey Magnetic Observatory at Sitka, 
Alaska, 1909 and 1910, by Daniel L. Hazard. 
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WasuHineton, U.S.A.—continued. 


Results of Observations made at the Coast and Geodetic Survey 
Magnetic Observatory near Tucson, Arizona, 1909 and 1910. 


Sitzungsberichte der Kaiserlichen Akademie der Wissenschaften. 
Mathematisch-Naturwissenschaftliche Klasse. 


Abteilung I., Band exxi., Heft viii., ix. und x. 

Abteilung Ila., Band exxi., Heft vii., viii., ix., x.; Band exxii., 
Heft i., ii., iii., iv. 

Abteilung IIb., Band exxi., Heft. vii., viii, ix. und x.; Band 
exxii., Heft i. und ii., iii., iv., v. 

Abteilung III., Band exxi., Heft iv., bis vii., viii., bis x.; Band 
exxli., Heft i., bis iii. 

Almanach, 1912. 

Denkschriften, Mathen-naturw. Cl., Band Ixxv. 

Mitteilungen der Erdbeben-Kommission, Nos. 45, 46. 


K.K. Naturhistorischen Hofmuseums. 


Annalen, Band xxvi., Nos. 3-4; Band xxvii., Nos. 1, 2, 3. 


Naturforschenden Gesellschaft in Zurich. 

Vierteljahrsschrift, Jahrgang 57, 1912: Erstes und Zweites 
Heft; Drittes und viertes Heft. Jahrgang 58, 1913; Erstes 
und Zweites Heft. 

Neujahrsblatt, Jahr., 1913. 115, Stiick. 
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TRANSACTIONS 


OF THE 


ROYAL SOCIETY OF SOUTH AFRICA, 


VOL. IV. 


SOME NEW SOUTH AFRICAN MOSSES. 


By Horace A. Waaer, A.R.C.Sc. (Professor of Botany and Zoology 
at the Transvaal University College, Pretoria). 


(Plates I. IT.) 


These new mosses have been collected amongst others by me from 
time to time, and the number is now sufficiently large to justify me in giving 
descriptions and illustrations of them. I am greatly indebted to H. N. 
Dixon, Esq., C. Wright, Esq., of Kew, and Professor Brotherus, of 
Finland, for their kindness in helping me with the identification and 
naming of the species described. I hope to bring out very soon a 
preliminary list of all the mosses already recorded from South Africa. 


FissipENs WaGeERI, Dixon. (Plate I. A.) 


Caespitosus, non magnus, nullis ramis. Caulis circa 1 mm. longus 
cum 5-7 paribus foliorum. Folia superiora longiora et maiora, inferiora | 
sensim breviora et minora, vel lanceolata vel subspathulata sine limbo, 
apice acuto, paululum asymmetrica, sine nervo sed cellulis ab inferiore 
parte nonnunquam ad centrum convergentibus; cellulis plus minusve 
regularibus 100-120 mu. longis, 17-20 mu. latis acutis chlorophyllosis, 
usque ad marginem paribus, margine integerrimo. Lamina secundaria 
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angusta sed a basi dimidia parte folii latior. Pedunculus terminalis 
interdum duplex, longior, subruber. Theca incurva symmetricalis non 
magna, brevis, ovalis, operculo conico rostro brevi. Peristomium dentibus 
1 rigidis longioribus sine papillis. Sporis rotundis 12-15 mu. diametro. 

y Habit.—Sparse in tumulis protectis. Umkomaas, Natal. 

Pi This moss is remarkable for the leaves having no nerve, so that the 
theory that the sheathing lamina is an outgrowth from the nerve cannot 
hold in this case. 


AMBLYSTEGIUM FILIFORME, Wager and Wright. (Plate I. B.) 


oie Herbae dense cristatae, ramis irregularibus longis tenuibus filiformibus. 
” Folia crebra parva, sicca imbricata, humida patentia, circa 1 mm. longa, 
ovata paululum asymmetrica, apice acuto sine acumine, margine paululum 
denticulata. Cellulis brevibus irregularibus rotundatis, fere pari longi- 
tudine et latitudine ad basim uniformioribus, sine auriculis, nervo robusto 
infra apicem desinente. Perichaetialia distinctia multo longiora, punctis 
longis acuminatis cellulis regularioribus longioribus quam _latis. 
Pedunculus 12-18 longus, fuscus. Peristomium breve a margine interiore 
ciliatum. Sporis regularibus circa 20 mu. diametro. 
Habit.—In lapidibus, &. Van Reenen, Natal. 
Differs from Amblystegium radicale in the leaves, being more shortly 
pointed, not acuminate, and in the shorter cells. 


Fruit of Levcotoma Woopt, Reh. and MacO. (Plate I. C.) 


This moss was named and placed in a new genus from foliage 
specimens only. The fruit has now been discovered, and the following is 
a description of it. 

Dioica. Pedunculus erectus brevis 2-3 mm. longus plerumque duplex. 
‘Theca lateralis erecta symmetricalis, cylindricalis, circa 1 mm, longa, ore 
sicco non contracto; peristomio brevissimo, 15 mu. longo, uno cum 
ordine dentium duplicum,brevium prope levium ab interiore latere oris. 
Peristomium decidens ut theca appareat fere sine peristomio. 


Fruit of L. REHMANNI, C.M. 
Pedunculus longior. Theca longior angustiorque; ore constrictiore 
cum annulo distincto levique; peristomio rudimentiore cum uno ordine 


dentium brevium latorumque. 
The male plants are more branched and tufted, the antheridia being 

Hi! terminal. The archigonia are lateral on less branched specimens. 
Ai Both fruiting plants were found at Woodbush, Transvaal. 
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Some New South African Mosses. 


PHYSCOMITRIUM SUCCULEATUM, Wager and Wright. (Plate I. D.) 


Caespitosum, caulis erectus parvus, nullis ramis; folia patentia sicca 
contorta, 14-2 mm. longa prope aeque lata, a parte superiore paulo latiora 
apice acuto, margine integerrimo, nervo robusto ad apicem vix producto. 
Cellulis paulo remissis, hexo-rectangularibus, a basi magis uniformibus, 
circa 40-50 mu. longis, chlorophyllosis. Pedunculus brevis 5-7 mm. 
longus. Theca longa pyriformis a basi fastigata, cervice vix distincta, ore 
parvo; operculo prope plano, cellulis in rectis lineis e centro ad 
marginem. Peristomium praesens sed rudimentarium, 16 dentibus ab 
interiore parte oris 6-8 mu. longis nulla membrana distincta; calyptra 
pallide flava, tumida, rostro longo acuto totam thecam includens integra 
praeter unam fissuram ad basim. Sporis irregularibus, circa 20 mu. 
diametro. 

Habit.—Tumulis soloque laxo. 

This moss is distinguished by the acute leaves with fairly regular 
cells by the unbroken calyptra, the rudimentary peristome. It is 
evidently closely allied to P. Maclei, Reh. 


HyMEnostomum opacum, Wager and Dixon. (Plate I. E.) 


Caespitosum crispatum, pallide viride, circa 12-15 mm. altum. Caulis 
erectus paucis ramis. Folia patentia, sicca contorta, 2-3 mm. longa, 
angusto-oblonga, lanceolata, apice obtuso, margine integro planoque, nervo 
robusto in punctum acutum validumque excurrente. Cellulis parvis 
quadratis densis valde opacis, cellulis mutatis sensim basim in cellules 
mergentibus longiore rectangulares translucentes cellulae superiores 
subpapillosae. Pedunculus circa 12 mm. longa fulva. Theca oblonga, 
cylindrica, symmetrica, fulva, operculo breviter conico obliquo ore latiore, 
sine peristomio vel membrana obtigente. Sporis laevibus circa 20 mu. 
diametro. 

Habit—Humidis tumulis. Van Reenen, Natal. 


OEDIPODIUM AUSTRALE, Wager and Dixon. (Plate I. F.) 


Herbae parvae breves paululum cristatae clare virides, rhizomate 
repente ramosoque. Folia patentia sicca valde contracta pleraque ad 
apicem in formam calicis aggregata, 3-5 mm. longa, concava, lata, - 
obovata subspathulataque basim versus paululum angustata, nervo 
angusto ad apicem producto in validum mucronem excurrente, margine 
integerrimo. Cellulis amplioribus irregulariter polygonalibus, 50-60 mu. 
longis, 30-50 mu. latis ad apicem marginemque paulo minoribus, basim 
versus rectangularioribus. Gemmae in calice terminali. Theca ignota. 
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angusta sed a basi dimidia parte folii latior. Pedunculus terminalis 
interdum duplex, longior, subruber. Theca incurva symmetricalis non 
magna, brevis, ovalis, operculo conico rostro brevi. Peristomium dentibus 
rigidis longioribus sine papillis. Sporis rotundis 12-15 mu. diametro. 

f Habit.—Sparse in tumulis protectis. Umkomaas, Natal. 

Bin This moss is remarkable for the leaves having no nerve, so that the 
theory that the sheathing lamina is an outgrowth from the nerve cannot 
hold in this case. 


AMBLYSTEGIUM FILIFORME, Wager and Wright. (Plate I. B.) 


Ws Herbae dense cristatae, ramis irregularibus longis tenuibus filiformibus. 
" Folia crebra parva, sicca imbricata, humida patentia, circa 1 mm. longa, 
ovata paululum asymmetrica, apice acuto sine acumine, margine paululum 
denticulata. Cellulis brevibus irregularibus rotundatis, fere pari longi- 
tudine et latitudine ad basim uniformioribus, sine auriculis, nervo robusto 
infra apicem desinente. Perichaetialia distinctia multo longiora, punctis 
longis acuminatis cellulis regularioribus longioribus quam _latis. 
Pedunculus 12-18 longus, fuscus. Peristomium breve a margine interiore 
ciliatum. Sporis regularibus circa 20 mu. diametro. 
Habit.—In lapidibus, &. Van Reenen, Natal. 
Differs from Amblystegium radicale in the leaves, being more shortly 
pointed, not acuminate, and in the shorter cells. 


Fruit of Levcotoma Woopu, Reh. and MacO. (Plate I. C.) 

This moss was named and placed in a new genus from foliage 
specimens only, The fruit has now been discovered, and the following is 
a description of it. 

Dioica. Pedunculus erectus brevis 2-3 mm. longus plerumque duplex. 
Theca lateralis erecta symmetricalis, cylindricalis, circa 1 mm. longa, ore 
sicco non contracto; peristomio brevissimo, 15 mu. longo, uno cum 
ordine dentium duplicum, brevium prope levium ab interiore latere oris. 
Peristomium decidens ut theca appareat fere sine peristomio. 


Fruit of L. REHMANNI, C.M. 


Pedunculus longior. Theca longior angustiorque; ore constrictiore 
cum annulo distincto levique; peristomio rudimentiore cum uno ordine 
dentium brevium latorumque. 

The male plants are more branched and tufted, the antheridia being 
terminal. The archigonia are lateral on less branched specimens. 

Both fruiting plants were found at Woodbush, Transvaal. 
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Some New South African Mosses. 


PHYSCOMITRIUM SUCCULEATUM, Wager and Wright. (Plate I. D.) 


Caespitosum, caulis erectus parvus, nullis ramis; folia patentia sicca 
contorta, 14-2 mm. longa prope aeque lata, a parte superiore paulo latiora 
apice acuto, margine integerrimo, nervo robusto ad apicem vix producto. 
Cellulis paulo remissis, hexo-rectangularibus, a basi magis uniformibus, 
circa 40-50 mu. longis, chlorophyllosis. Pedunculus brevis 5-7 mm. 
longus. Theca longa pyriformis a basi fastigata, cervice vix distincta, ore 
parvo; operculo prope plano, cellulis in rectis lineis e centro ad 
marginem. Peristomium praesens sed rudimentarium, 16 dentibus ab 
interiore parte oris 6-8 mu. longis nulla membrana distincta; calyptra 
pallide flava, tumida, rostro longo acuto totam thecam includens integra 
praeter unam fissuram ad basim. Sporis irregularibus, circa 20 mu. 
diametro. 

Habit.—Tumulis soloque laxo. 

This moss is distinguished by the acute leaves with fairly regular 
cells by the unbroken calyptra, the rudimentary peristome. It is 
evidently closely allied to P. Maclei, Reh. 


HyMENostomum opacum, Wager and Dixon. (Plate I. E.) 


Caespitosum crispatum, pallide viride, circa 12-15 mm. altum. Caulis 
erectus paucis ramis. Folia patentia, sicca contorta, 2-3 mm. longa, 
angusto-oblonga, lanceolata, apice obtuso, margine integro planoque, nervo 
robusto in punctum acutum validumque excurrente. Cellulis parvis 
quadratis densis valde opacis, cellulis mutatis sensim basim in cellules 
mergentibus longiore rectangulares translucentes cellulae superiores 
subpapillosae. Pedunculus circa 12 mm. longa fulva. Theca oblonga, 
cylindrica, symmetrica, fulva, operculo breviter conico obliquo ore latiore, 
sine peristomio vel membrana obtigente. Sporis laevibus circa 20 mu. 
diametro. 

Habit.—Humidis tumulis. Van Reenen, Natal. 


OEDIPODIUM AUSTRALE, Wager and Dixon. (Plate I. F.) 


Herbae parvae breves paululum cristatae clare virides, rhizomate 
repente ramosoque. Folia patentia sicca valde contracta pleraque ad 
apicem in formam calicis aggregata, 3-5 mm. longa, concava, lata, 
obovata subspathulataque basim versus paululum angustata, nervo 
angusto ad apicem producto in validum mucronem excurrente, margine 
integerrimo. Cellulis amplioribus irregulariter polygonalibus, 50-60 mu. 
longis, 30-50 mu. latis ad apicem marginemque paulo minoribus, basim 
versus rectangularioribus. Gemmae in calice terminali. Theca ignota. 
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Gemmae copiose laete virides magnae ad 300 mu. latae, orbiculares, 
lenticuliformes, in calicibus terminalibus aggretatae. 
Hatit.—Siccis tumulis. Umkomaas; Waterval; Pretoria. 
nf This interesting moss differs from Oedipodiwm Griffithianum, chiefly in 
aft the shorter stature, the leaves slightly smaller with smaller areolation, 
Hi in midrib excurrent in strong mucro and leaf base wide without fringe of 
hairs or cilia. The gemmae are never axillary, but always in terminal 
cups, and the gemmae are found on nearly every plant. 


(Plate I. G.) 


Herbae cristatae subflavae virides; caulis erectus circa 10-15 mm. 
altus vix ramosus, folia dispersa erecta interdum flexa angusta lanceolata, 
fastigato subulato apice nervo distincto angusto vix ad apicem producto, 
margine integro vel ad apicem indistincte denticulato, cellulis plus minusve 
rectangularibus a basi laxis ab apice et margine magis densis. Perichae- 
tialia vix dissimilia foliis caulis. Pedunculus 12-18 mm. longus flavus. 
Theca arcuata, cervice plerumque longiore quam theca ipsa sensim in 
pedunculum fastigata, valde strumosa flava cylindrica, paulum flexa, 
operculo rostro longo obliquo ; peristomium dentibus 16 a basi paululum 
conjunctis, irregulariter perforatis vel divisis. Sporis magnis asperis, 
circa 20 mu. diametro. 

Habit.—Humido solo argillaceo, semper in ripis fluvii. Natal and 
Tzaneen, Transvaal. 

This moss appears to be closely allied to T. torile, but it is more straw- 
coloured, of a much greater stature, the struma is more pronounced with 
a longer neck, and the peristome is longer. 


TREMATODON AFRICANUS, Wager and Dixon. 


(Plate II. A.) 


Herbae cristatae pallide virides. Caulis brevis sine ramis. Folia 
patentia sicca crispissima sed vix contorta, parva, cirea 2 mm. longa, basi 
latiore amplexa et ad apicem obtusum fastigata, margine integro a parte 
superiore paululum papillogo, nervo robusto infra apicem evanido, cellulis 
minoribus, 10-12 mu. longis plus minusve quadratis opacis et paulo 
rectangularioribus, sine papillis. Perichaetialia paulo longiora et obtusiora. 
Theca erecta, symmetrica, subglobosa subrubri-fusca sine peristomio, ore 
lato, operculo conico rostro longiore et paululum obliquo facile decidente. 
Pedunculus subrubri-fuscus plerumque contortus saepe sinosus. Sporis 
regularibus circa 20 mu. diametro. 

Habit.—Tumilis humidis argillaceisque. 

This moss appears to be distinguished by the cells being nearly 
uniform to base, the long seta and short gymnostomus capsule with wide 
mouth. 


Weis1A (GYMNOsTOMUM) GRACILIS, Wager and Dixon. 
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Some New South African Mosses. 


SeMATOPHYLLUM WaGeERI, Wright. (Plate IT. B.) 


Subflave viride cristatum. Caulis brevis circa 1 cm. longus, paucis 
ramis. Folia paululum secunda, oblongo-lanceolata, 1-1} mm. longa, 
apice acuto, basim versus paulo angustiora, margin integerrimo, concaviora, 
sine costa. Cellulis longis angustis chlorophyllosis, ab inferiore parte 
circa 80 mu. longis ad apicem brevioribus (circa 40 mu.), terminis acutis, 
auriculis distinctis cellulis viridibus. Pedunculus circa 12 mm. longus, 
subruber, ad apicem curvatus. Theca curvata, parva, circa 1-14 mm. 
longa, subrubri-fulva, ore sicca contracto. Peristomium duplex, subflavum 
circa 280 mu. longum, peristomium exterius dentibus latis acutis vix 
papillosis sed cum duobus ordinibus parvorum laminarum ab inferiore 
parte et a margine, peristomium interius pari longitudine sed angustum 
leveque sine laminis; operculo rostro longiore obliquo. Sporis laevibus 
irregularibus, 12-15 mu. diametro. 

Habit.—Tumulis humidis. Natal. 


IsOPTERYGIUM PUNCTULATUM, Brotherus and Wager. (Plate II. C.) 


Caespitosum dense cristatum. Caulis repens robustior, ramis irregu- 
laribus ad apicem saepe attenuatis, ab inferiore parte radicalis copiosis. 
Folia sicca contorta, valde complanata 14-14 mm. longa, ovata, margine 
integerrimo ad apicem acutum fastigata, paululum asymmetrica, ad basim 
angustata non decurrentia, sine nervo. Cellulis valde longis angustisque 
100-150 mu. longis, 6-10 mu. latis, plerumque acutis ad basim paulo 
rectangularioribus et latioribus, chlorophyllosis, sine auriculis. Perichae- 
tialia apice longiore, plus minusve pellucida. Pedunculus 10-15 mm. 
longus rectus, palum contortus. Theca curvata cylindrata, circa 14 mm. 
longa, levis. Peristomium robustum subrubi-fulvum, dentibus latioribus 
circa 25) mu. iongis vectibus indistinctis sine ciliis; operculo paulum 
longo conico, obtuso apice ore contractiore. Sporis levibus viridibus, 
12-15 mu. diametro. 

Habit.—Tumulis siccis protectisque. Near Rustenburg. 

This moss is characterized by its leaves having no midrib and no 
auricles, the length of the cells and the smooth capsule. 


ANOETANGIUM ASSIMILIS, Brotherus and Wager. (Plate II. D.) 


Herbae dense cristatae pervirides. Caulis gracilis, 7-10 mm. altus - 


parce ramosus laxo tomento ab inferiore parte. Folia sicca contorta, 
parva, triangularia, ad basim vix angustata 3-1 mm. longa, fastigata vix 
carinata, apice acuto, margine integro sed papillis cellularum paululum 
dentatis, nervo robusto ad apicem evanido. Cellulis papillis, obscuris, 
opacis, irregularibus, 8-10 mu. longis latitudine fere pari, paulo maioribus 
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et rectangularioribus, chlorophyllosis, cellula apicale distincta. Perichae- 
tialia vix dissimilia. Pedunculus brevis pallidus, lateralis, 5-8 mm. 
longus, erectus. Theca erecta, symmetrica, brevis, circa 1 mm. longa, 
ovalis, ore lato, cervice non distincta, sine peristomio, operculo brev- 
conico, rostro obtuso paululum obliquo. Sporis parvis. 

Habhit.—Tumulis protectis. Natal. 

Distinguished by its smaller stature, shorter and less pointed leaves, 
short capsule without neck, and perichaetial bracts not distinct. 


WEISIA VIRIDULA, var. LONGIFOLIA, Brotherus and Wager. (Plate II. E.) 


Herbae dense cristatae pallides virides. Caulis erectus parce ramosus. 
Folia sicca valde contorta crispaque, longa angusta fastigata apice acuto 
sine mucrone, 14-2} mm. longa, margine integro, a superiore parte incurva 
ad basim paulo angustiora, nervo robusto ad apicem producto. Cellulis 
minute quadratis opacis papillosis, ad basim rectangularibus hyalinis cum 
densis muris. Pedunculus longus 10-15 mm. pallidus rectus. Theca 
erecta symmetrica ovalis 14-14 mm. longa, ab ore vix contracto, ore 
membrana hyalina cooperto. Peristomium robustum dentibus variis in 
una serie, 20-30 mu. longis aurantiis. Operculum breve conicum, rostro 
paululum obliquo. Sporis fuscis paulum asperis, 15-18 mu. diametro. 

Habit.—Humidis arenosis locis. Table Mountain top. 

Distinguished by its pointed not mucronate leaves, long seta, and 
distinct peristome. 
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GEdipodium australe. Trematodon africananus. 


West,Newman lith. 
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EXPLANATION OF PLATES. 


The magnification has been made uniform throughout, the leaves 15 times, cells 
180 times, capsule 10 times, peristome 150 times. 


PLATE I. 


A. Fissidens Wageri, Dixon. 
Fig. 1. Entire plant. 
», 2. Entire leaf showing sheathing lamina. 
», 3. Cells and edge of leaf. 
4. Capsule. 
», 5. Part of peristome. 
. Amblystegium filiforme, Wager and Wright. 
Fig. 1. Entire leaf. 
», 2. Cells and edge of leaf. 
. Leucoloma Woodii, Reh. and MacO. 
Fig 1. Entire plant, natural size. 
», 2. Capsule, old. 
», 3. Part of peristome. 
. Physcomitrium succuleatum, Wager and Wright. 
Fig. 1. Entire leaf. 
», 2. Cells and edge of leaf. 
», 3. Capsule with calyptra. 
», 4. Part of rudimentary peristome. 
. Hymenostomum opacum, Wager and Dixon. 
Fig. 1. Entire leaf. 
», 2. Cells and edge of leaf. 
», 3. Capsule, young. 
», 4. Capsule when ripe. 
. Oedipodium australe, Wager and Dixon. 
Fig. 1. Entire leaf. 
» 2. Cells and edge of leaf. 
,, 3. Rhizome with plants, natural size. 
», 4. Magnified view of gemma. 
» 5. L.S. through apex showing gemmae cup. 
. Trematodon africanus, Wager and Dixon. 
Fig. 1. Single plant in fruit, natural size. 
2. Entire leaf. 
3. Cells and edge of leaf. 
4. Apex of leaf. 
5. Capsule. 
6. Part of peristome. 
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PLATE II. 


. Weisia (Gymnostomum) gracilis, Wager and Dixon. 
Fig. 1. Entire leaf. 
», 2. Leaf apex. 
», 3. Cells and edge of leaf. 
», 4. Capsule, young. 
», 5. Capsule, old. 
. Sematophyllum Wageri, Wright. 
Fig. 1. Entire leaf. 
2. Cells and auricle of leaf. 
3. Capsule, ripe. 
4. Capsule with operculum. 
5. Outer peristome. 
,, 6. Inner peristome. 
. Isopterygium punctulatum, Brotherus and Wager. 
Fig. 1. Entire leaf. 
», 2. Cells and edge of leaf. 
» 3. Capsule with operculum. 
. Anoetangium assimilis, Brotherus and Wager. 
Fig. 1. Entire leaf. 
», 2. Cells and edge of leaf. 
» 3. Capsule with operculum. 
», 4. Capsule, ripe. 
. Weisia viridula, var. longiofolia, Brotherus and Wager. 
Fig. 1. Entire leaf. 
», 2. Cells and edge of leaf. 
», 3. Capsule with operculum. 
», 4. Part of peristome. 
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Anoetangium assimile. W. viridula v. longifoli 


West, Newman hth 
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A. 
| 3. «780 | 
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FURTHER MAGNETIC OBSERVATIONS IN SOUTH AFRICA. 
By J. C. Beatriz, D.Sc., Professor of Physics, S.A. College, Cape Town. 
(Received and Read July 16, 1913.) 


During the years 1910-13 further magnetic observations have been 
carried out in South Africa with the view of extending our knowledge of 
the magnetic elements in those parts where as yet their values were 
unknown, and, in addition, to find the secular change of the magnetic 
elements in regions already surveyed. * 

The parts of South Africa in which observations were made for the 
first time in this period were the West Transvaal, British Bechuanaland, 
and Bushmanland. In 1903 magnetic work had been carried on along 
the railways to the west and to the east of the East Transvaal, and in the 
summer 1910-11 further determinations were made in the country lying 
between the railways. A number of observations of the magnetic declina- 
tion had been carried out in these parts in 1909 by Mr. O. C. Macpherson 
during the course of a railway survey. The places at which observations 
were made for secular variation in this region were Klerksdorp (1911), 
Warrenton (1911-12), Mafeking (1911-12), Pretoria (1908). 

A number of observations was also made in the same summer in the 
eastern part of Cape Colony, two old stations (Alicedale Junction and 
Coerney) were reoccupied and four new ones established ; three of the 
latter were on the south and one to the north side of a magnetic ridge 
which had been approximately located by earlier work. + 

During the winter of 1911 repeat stations were occupied in the 
Eastern Province of the Cape, in the Eastern Transvaal, and in the 
Orange Free State. 

The observations in British Bechuanaland were carried out in the 
summer of 1911-12; the stations were distributed between the railway 
and the Kuruman Mountains; only a few stations to the west of these 
mountains were occupied. In addition to the repeat stations, Warrenton 
and Mafeking, it was possible to occupy a station, Grootfontein, near where 
the declination was determined by Moorrees and Bosman in 1888. { 

In the winter of 1912 a number of repeat stations was occupied along 
the railway line from Matjesfontein to Biesjespoort; in the same season 
three new stations were occupied in the Cape Province, and two in the 
Western Transvaal. 


* The work was supported by a grant-in-aid from the Union Government. 

+ “Report of a Magnetic Survey of South Africa,’’ by J. C. Beattie, London, 1909, 
pages 92-93. 

t See “ Report of a Magnetic Survey of South Africa,” by J. C. Beattie, London, 1909. 
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In the summer 1912-13 observations were made in Bushmanland ; 
in addition, four repeat stations—Van Wyk’s Vlei, Kenhardt, Aggennys, 
hl and Pella—were reoccupied ; the two latter stations had been first occupied 
i in the summer of 1908-9, and the two former in the summer 1904-5. 
it The instruments used were a dip circle by Dover No. 142, a unifilar 
hi magnetometer by Elliot No. 73, the property of the Royal Society of 
'} London, and in the summer of 1910-11 a magnetometer No. 164, lent by 
Professor A. Ogg to the author pending the arrival from England of 
We No. 73, where it had been sent for repair. The constants for magneto- 
Li} meter 73 are given below. This instrument had been used during 1908 
{da | and 1909 in magnetic work between Cape Town and Cairo. At the end of 
this period the instrument was completely overhauled by the makers, and 
«dl its constants redetermined at Kew in December, 1910. The previous 
determination of the constants of this instrument was made at Kew in 
August, 1902; their values at that date are given in the “ Report of a 
Magnetic Survey,” already referred to, and are repeated here for the 
sake of comparison. 


Constants of Magnetometer No. 73. 


Temperature Correction Induction Angular Value of 
t degrees Centigrade. Coefficient. one Scale Division. 
1902 Collimator 0-000281¢ + 0:0,118¢ 4°730 1°75 
1910 | magnet 73a 1-75 
1910 | eflection magnet 73c . 1 60"-2 


Brass Bar 73. 
Apparent Distance from Centre (in cms.) at 0° C. 


30 40 
1902 29°993 39-994 
1910 The distances corrected for bending... 99-993 39-991 
Hee Log x? K. 
0c. 10°C. 20°C. 30° C. 40° C. 
1902 3°47406 3:47416 3°47426 3°47437 3°47447 
3°47349 3°47359 3°47370 3°47380 3°47401 


Auatliary Brass Cylinder. 


Length. Diameter. Mass. 
1902 9:536 cm. 0:995 cm. 62:803 grm. 
1910 9°521 ,, 0:994 ,, 62°343 


a |i In addition to the magnetic instruments a 5-inch theodolite, No. 6084, 
Hi ay by Cooke and Son, York, and a chronometer—Reid and Son, No. 1078— 
were used. 


a 
5 
7 
| 
5 
| 
4 
| 
} 


Further Magnetic Observations in South Africa, 


The observations taken and the methods of taking them were the same 
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as have already been described at considerable length in connection with 
previous magnetic work in South Africa.* The only change was in the 
astronomical observations for azimuth and longitude, where for each 
pointing on the sun both horizontal and vertical circles on the theodolite 
were read. The method is described fully by Bauer. + 

The values given for the magnetic elements are uncorrected for 


variation, either secular or diurnal. 


SUMMARY OF RESULTS. 


Place. 


Date. 


Latitude. 


| | Declina- 


ude. 


| 


Abiekwa Put 
Aggennys 
Alexandria ............ 
Alexandria 
Alicedale Junction... 
Alicedale Junction... 
Beaufort West 
Beaulieu 
Biesjespoort 
Blaauwpoort 
Boons 
Bretby ...... 
Bruwer’s Farm 
Bry Paal 


Dingle 
Drooge Grond......++- 
East London ......... 
Eendekuil 

Elands Put 
Erasmus 


Grootfontein ......-+- 
Groot Riet 
Hamburg 

Harrisburg 
Hartebeestfontein -- 
Hoezar West 
Howmoed 


| 1912, Dec. 
| 1912, Dee. 
1910, Dec. 
1910, Dec. 
1910, Dec. 
1910, Dec. 12 
1912, July 1 
1911, Dec. 17 


1911, Jan. 2 
1911, Dec. 27 
1912, Jan. 4 
1912, June 29 
1911, Dec. 23 
1912, Jan. 9 
1913, Jan. 1 
1911, Dec. 25 
1912, July 8 
1911, Jan. 5 
1912, Dec. 12 
1912, Dec. 18 
1911, June 26 


1911, July 4 


1911, Dec. 16 |° 


b 


to 


Aanacea 
ao 


27 0 


E. 
20°46'-0 
18 49°0 
26 32-4 
26 32°4 
26 02°5 
26 02-5 
22 34:0 
24 13°9 
23 12°0 
21 42-0 
2718-0 
23 
24 36:2 
20 
25 11°4 
25 37°7 
25 44-0 
19 39-0 
22 58°5 
20 
27 
18 
26 21-2 
24 08-0 
22 58-0 
22 00-0 
24 10°4 
24 00-0 
20 46-0 
24 
26 23°5 
26 24:0 
20 26°8 
19 33°0 
23 15-0 
24 25°0 
26 21-0 


Horizontal 
tion. Dip. Intensity. 
w. 8. Gauss. 
25°924'-5 | -17803 
25 28-7 | 58 41°3 *17918 
25 48-0 16931 
62 17°4 
25 44-9 *16921 
62 18-7 
25 48-4 | 60 48°7 *17371 
22 05°5 | 58 02°5 *18739 
24 45°6 *17689 
25 14°8 | 59,49°5 *17729 
20 50-2 | 58 38-7 *18801 
36 15°5 | 50 22°5 *20247 
22 14°5 | 58 27:0 *18674 
25 | 58 50°6 *18001 
22 09°5 | 57 57°9 *18770 
25 46°5 | 62 12°8 *17024 
25 49-9 | 62 16-4 *16942 
25 03°9 | 58 42-1 *18100 
22 57°6 | 58 32°0 *18382 
25 03°5 | 59 06°6 *17934 
24 | 62 29-0 *16867 
26 48°8 | 60 00-1 17521 
21 47°1 | 58 19°5 *18836 
22 59°3 | 58 *18508 
58 40°8 *18263 
26 00°6 | 61 05-4 ‘17384 
22 15-7 | 58 20°9 *18516 
24 12°8 | 58 57:1 *18197 
24 53°4 | 59 00°2 17997 
22 43°0 | 58 47°5 “18459 
21 33°5 | 59 19°6 *18307 
21 54°5 | 59 01:2 *18472 
25 28°0 | 59 12°8 ‘17917 
25 23-0 | 58 46°7 “18071 
25 34-2 | 60 31°4 *17596 
58 06°71 *18813 
21 54:2 | 60 *17827 


* «* Report of a Magnetic Survey,” etc., pp. 12-18. 
foot of page 12 refers to the azimuth observations. 
+ ‘* United States Magnetic Declination Tables and Isogonic Charts for 1902,” by 


L. A. Bauer, pp. 90-94, Washington, 1902. 


The level correction note at the 


= 
j | 
3 
1912, July 3 : 
| 1913, Jan. 13 is 
| 1910, Dee. 27 | _ 
| 1912, Jan. 7 | 
1911, Dec. 15 | 
1912, Dec. 31 | 7 : 
Buckwheat ............ | 1911, Dec. 11 | ‘ 
Coerney ............++ | 1910, Dec. 19 | ii 
De Neus ............-++ | 1912, Dec. 27 
1912,"Jan. 5 | : 
1912, Dec. 30 | 
1911, July 2 | a. 
1913, Feb. 6 a.” 
27 
Fraserburg Road ..... 32 46-0 
| 26 | 
| 27 39-0 | 
| 29.17°5 | 
27 01°4 | 
| 27 09-0 | 4 
| 26 45°5 | 
| 30 07-1 | i 
| 29 19°3 | 
Hutchinson............ 31 29°6 | 
Kadebis ............... | NN 26 16-6 
Kare. | 28 52-5 | | 
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Summary oF Resutts (continued). 


Longi- | Declina- Horizontal 
Latitude. tude. tion. Intensity. 


8. | E. Ww. 8. Gauss. 
Keeley ...... | 1911, Dec. *6| 24°43'-9 | 22°41'-9| 57°52'°6| °19046 
Kenhardt | 1913, Jan. ‘0 | 21 09-0 | 25 07-2 | 59 21°8 | -18039 
Kenkelbosch | 1910, Dec. 3 30°0 | 25 52-4 | 25 40-4 | 6209-1 | + -16952 
1912, Jan. ‘9 | 23 15-6 | 23 45-3 | 5818°0 | -°18511 
Klerksdorp 1911, Jan. *3 | 26 38-0 | 22 16°3 | 59 03°3 | + -18520 
Kliparani 1911, Dec. 5 59°4 | 25 22-1 | 2158-3 | 5811-6 | +18812 
| 1910, Dec. | 26 57°5 | 2101-8 | 5830°3 | -18780 
| 1912, Jan. ‘9 | 23 25-1 | 23 35-2 | 5845-5 | -+18310 
Leeuw Kolk 1912, Dec. 8 2117:0 | 25 14-4 | 59 37-2 ‘17821 
Levves Kolk 1912, Dec. 16 | 29 35°5 | 19 50-0 | 25 04-6 | 5858-9 | -17964 
Lichtenburg 1911, Jan. 3 26 06:0 58 38°8 *18661 
Louw Zyn Kolk 1913, Jan. 10 | *4 | 210071 | 5942-7 | -17742 
Machadodorp 1911, July 6 5 39°9 | 3015-0 | 69 27:3 | °18411 
1911, Dec. 8 | 25 39-0 ‘9 | 5810-4 | °+18779 
1910, Dec. 28 ‘0 | 27 37°3 | 5843°8 | °18768 
1912, July 9 0 | 25 59°3 -4 | 59 23-7 | -18388 
Markson’s Hotel 1910, Dec. 30 5: 26 32-0 58 09°1 | -18968 
Marokwen ............ | 1911, Dec. 20 *8 | 23 44-0 *8 | 57 37°3 | + -18896 
Matjesfontein 1912, June 25 -2 | 20 36:0 
Matjesfontein 1912, June 26 | 33 14-2 | 20 36-0 *17190 
Matjesfontein 1912, June 27 : 20 36-0 60 57°8 *17208 
Matjesfontein 1912, June 28 20 36-0 
Meintjes’s Farm 1911, Dec. 12 *4 | 25 01°8 
Murraysburg 1912, July 4 ‘0 | 23 43-0 
Namies ............e« | 1912, Dec. 20 ‘0 | 19 12-0 
1912, Dec. 14 *3 | 20 
1911, July 7 | 25 28-1 | 30 58°5 
1911, Jan. 1 “6 | 26 08°8 | 
' 1912, Dec. 24 | 29 02°0 | 19 08-0 
1912, Dec. 26 19 24°0 | 
Quaggafontein . | 1913, Jan. 8 9 59-1 | 20 42-0 
Queenstown 1911, June 28 54° 26 52:0 | 
Queenstown 1911, June 29 | : ‘0 | 26 52-0 
Richmond C P. ...... | 1912, July 5 ‘7 | 23 56-2 | 
Roodekloof 1910, Dec. 26 | 25 49-7 | 27 13°5 
Rumsey’s Farm 1911, Dec. 22 , 24 03-0 
Rustenburg 1910, Dec. 25 | 25 40°0 | 27 15-4 | 
Rystkuil 1912, July 2 | 32 38-7 | 22 54-2 
Sandflats 1910, Dec. 20 | | 25 | 
Schulenburg 1911, Jan. 44 | 26 25°5 | 25 57°5 | 
Swanswani 1912, Jan. } 23 49°5 
Van Wyk’s Vlei 1912, Dec. i *3 | 21 50°0 
Warrenton 1911, Dee. 8 06: 24 52-0 
| 1911, Dec. ‘7 | 23 39-9 
1912, Dec. 19 
1913, Jan. 30 05- 20 49-0 
| 5 32°6 | 25 59-0 
Zonder Huis 1913, Jan. 20 54:0 
Zoutpan 1911, Dec. 24 13-1 
1912, Dec. ‘0 | 19 39:0 
1911, Dec. ‘7 | 23 55°8 
1911, Dee. ‘0 | 2401°0 | 


56 21°8 | °18657 
61 | +17238 
58 19°8 | +18187 
59 30°0 -17723 
59 08°5 
58 07°8 | *18852 
“18194 
-18068 
“17836 


EE 


17271 
*17247 
18812 
*18927 
“18815 
17411 
*16942 
18608 
"18195 
“17584 
“18069 
"18464 
“18170 
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18774 
17876 
*18581 
18118 
18886 
“18850 
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Further Magnetic Observations in South Africa, 


Summary oF Resutts (continued). 


Macpherson’s Observations in 1909. 


Place. Date. Latitude. | Longitude. | Declination. 
8. E. w. 
1909, Mar. 7 | 26°21' | 27° 22° 8’ 
Modderfontein | 1909, Mar. 14,15 | 2620 | 26 59 21 51 
Ventersdorp ...:...00.00sse00 1909, Mar. 21 26 20 | 26 50 22 21 
Liichtenburg ................2. 1909, Sept. 5 | 26 9 26 10 22 5 
Zoetmelksvlei ............... 1909, Apr. 11 26 14 | 26 10 21 52 
Hartebeestfontein ........... _ 1909,May16,19 | 2646 | 2626 22 6 
| 1909, Oct.12,13 | 2636 25 35 22 41 


RESULTS OF OBSERVATIONS. 


The method of tabulating is the same as in the “ Report of a Magnetic 
Survey of South Africa” (Appendix E, p.12). In the present results there 
is, however, no column showing the value at any particular epoch. No 
correction for daily variation has been applied in the case of any of 


the elements. 
I have to thank Mr. W. H. Finlay for reducing the observations. 


ABIEKWA Put.—Latitude 30° 22'0 S. 
Longitude 20° E. 

Place of observation on east side of graveyard and on opposite side of 

road. North side of row of houses. 


Declination (D). 


Date. G.M.T. D (observed). Observer. Instrument. 
1912 Dec. 10 6.23 a.m. 25° 25'-2 W. Beattie 73 
8.09 a.m. 25 


Dip (0). 
Date. G.M.T. Needle. @ (observed). Observer. Instrument. 

1912 Dec. 10 9.20 a.m. 5 59° 35"'1 S. Beattie 142 

9.20 a.m. 6 59 32°9 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument. 
1912 Dec. 10 6.43 a.m. V H,, 17807 Beattie 73 
7.22am.D H,.-17800 


7.54a.m. V 
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AGGENNYsS.—Latitude 29°12':9 S. 
Longitude 18° 49’-0 E. 


Place of observation at the mouth of a kloof, 30 paces to the right of a 
point on road from O’okiep, 110 paces from river-bank towards Pella. 
Same station as in 1909. 


Declination (D). 


‘i 1431 Date. G.M.T. D (observed). Observer. Instrument. 
ta! | 1912 Dec. 22 7.38 a.m. 25° 30':0 W. Beattie 73 
7.39 a.m. 25 27-4 9 ” 


Dip 


+ Date. G.M.T. Needle. 0 (observed). Observer. Instrument. 
1912 Dec.22 609am. 1 58°41'1S. Beattie 142 
6.10 a.m. 5 58 40°7 Me iP 
6.10 a.m. 2 58 40°3 
6.10 a.m. 6 58 43:1 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument. 


# 1912 Dec. 22 7.56 a.m, V 
8.47 a.m. D H,, °17915 Beattie 73 


9.25 a.m. 17922 ” ” 


ALEXANDRIA.—Latitude 33° 30’0 S. 
| Longitude 26° 32'-4 E. 


My he Place of observation in hollow between hill in which railway station 
i} is built, and next rise going towards the village. 200 paces from railway 
station and on right-hand side of road from railway station to village. 


Declination (D). 
4 Date. G.M.T. D (observed). Observer. Instrument. 

1910 Dee. 13 12.54 p.m. 25° 47-8 W. Beattie 164 
1.57 p.m. 25 48:2 ” ” 


Dip (6). 
Date. G.M.T. Needle. (observed). Observer. Instrument. 
me ah 1910 Dec. 14 8.59 a.m. 1 62° 166 S. Beattie 142 

2 62 18-1 ” ” 
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Further Magnetic Observations in South Africa. 


Horizontal Intensity (H). 
Date. G.M.T. H (observed). Observer. Instrument. 
1910 Dec. 13 10.22 a.m. V H,, *16943 Beattie 164 
11.09 a.m. D H,, °16932 
11.49 a.m. D H,, °16925 
12.30 p.m. H,, °16925 


ALICEDALE JUNCTION.—Latitude 33° S. 
Longitude 26 02°5 E. 


Same station as in 1900. (See ‘“ Report of a Magnetic Survey of 
South Africa,’’ Appendix, p. 17.) 


Declination (D). 
Date. G.M.T. D (observed). Observer. Instrument. 


1910 Dec. 11 8.14 a.m. 25° 45-1 W. Beattie 164 
2.48 a.m. 25 44:7 


” ” 


Dip (8). 
Date. G.M.T. Needle. @ (observed). Observer. Instrument. 


1910 Dec. 12 6°47 a.m. 2 62° 19’9 S. Beattie 142 
6.49 a.m. 62 17°8 


3 
6.49 a.m. 3 62 19:0 
4 


6.49 a.m. 62 19:0 


Horizontal Intensity (H). 
Date. G.M.T. H (observed). Observer. Instrument. 
1910 Dee. 11 9.08 a.m, V H,, *16915 Beattie 164 
9.57 a.m. D H,,. °16949 
12.04 p.m. D H,, 16897 
2.21 p.m. V H,, *16921 


Beavurort WEst.—Latitude 32° 20'9 S. 
Longitude 22° 34':0 E. 


Repeat station. (See ‘“‘ Report,” Appendix, p. 24.) 


Declination (D). 
Date. G.M.T. D (observed). Observer. Instrument. 
1912 July 1 7.42 a.m. 25° 47"'9 W. Beattie 73 
8.52 a.m. 25 50°3 
10.24 a.m. 25 48:9 
12.37 p.m. 25 47°6 
1.22 p.m. 25 47°5 
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Dip (6). 
44 Date. G.M.T. Needle. 6 (observed). Observer. Instrument. 
1912 July 1 1118am. 1 60°50'2S. Beattie 142 
11.18am. 2 60 459 

11.18 a.m. 3 60 50:0 


| Horizontal Intensity (H). 
ni Date. G.M.T. H (observed). Observer. Instrument. 


1912 July 1 9.08a.m. V 
Na 9.39a.m.D Beattie 73 


Beavuuievu (Walters’s Farm).—Latitude 26° 14"5 8. 
Longitude 24° E. 


“| The place of observation was on the north side of the house and of the 
ai windmill about 400 yards north north-west of windmill. 


Declination (D). 


mS Date. G.M.T. D (observed). Observer. Instrument. 
thi 1911 Dec. 17 8.41 a.m. 22° W. Beattie 73 
9.51 a.m. 22 05°5 


” ” 


Dip (6). 


Date. G.M.T. Needle. (observed). Observer. Instrument. 
| 1911 Dec. 17 10.57 a.m. 1 58° 03"1S. Beattie 142 
10.57 a.m. 2 58 02°7 


10.57 a.m. 3 58 01°8 


Horizontal Intensity (H). 


i Date. G.M.T:! H (observed). Observer. Instrument. 
4 1911 Dec. 17 8:57 a.m. V H,, ‘18737 Beattie 73 
9.26 a.m. D H,, ‘18741 


31° 43'8 S. 
Longitude 23° 12’-0 E. 


| Repeat station. Left-hand side of railway coming from Cape Town. 
hie Road runs alongside railway. Place of observation 150 yards from road 
opposite goods shed on Cape Town side of Midwidsky’s store. 
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Further Magnetic Observations in South Africa. 


Declination (D). 
Date. G.M.T. D (observed). Observer. Instrument. 
1912 July 3 7.40 a.m. 24° 43"8 W. Beattie 73 
8.50 a.m. 24 46-4 
10.28 a.m. 24 46°7 


Horizontal Intensity (BH). 
Date. G.M.T. H (observed). Observer. Instrument. 
1912 July 3 9.10 a.m. V 
9.41 a.m. D H,, °17683 Beattie 
10.12 a.m. V H,, *17694 


Buaauwpoort.—Latitude 30° 39'2S. 
Longitude 21° 42’-0 E. 


A low range of hills runs east and west on the north side of the farm 
buildings. The place of observation was on the north side of this range 
and on the left-hand side of the road coming from Jagd Pan to Blaauw- 
poort. Dam on the opposite side of the road. 


Declination (D). 
Date. G.M.T. D (observed). Observer. Instrument. 
1913 Jan. 13 8.24 a.m. 25° 169 W. Beattie 73 
10.02 a.m. 25 


Dip (6). 
Date. G.M.T. Needle. 6 (observed). Observer, Instrument. 
1913 Jan.13 10.43 a.m. 1 59° 48"6 Beattie 142 
10.43 a.m. 5 59 50°4 ” ” 


Horizontal Intensity (H). 
Date. G.M.T. H (observed). Observer. Instrument. 
1913 Jan. 13 8.39 a.m. V H,, ‘17729 Beattie 73 
9.18 a.m. D H,, °17728 
9.48 a.m. V 


Boons.—Latitude 25° 57'9S. 
Longitude 27° 18’-0 E. 


Place of observation on north side of railway line, 250 paces from 


stationmaster’s house. 
2 


‘ 
‘ 
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Declination (D). 
| Date. G.M.T. D (observed). Observer. Instrument. 
+) 1910 Dec. 27 6.05 a.m. 20° 486 W. Beattie 164 
8.16 a.m. 20 51:8 ” 


Dip (6). 


4 i Date. G.M.T. Needle. 6 (observed). Observer. Instrument. 
1910 Dec. 27 9.07 a.m, 1 58° 39°8 S. Beattie 142 
1 9.08 a.m. 2 58 37°6 ” ” 


Horizontal Intensity (H). 


‘ Date. G.M.T. H (observed). Observer. Instrument. 
i 1910 Dec. 27 7.10 a.m. V H,, '18799 Beattie 164 
i 7.45 a.m. D H,, ‘18803 


Bretsy.—Latitude 27° 5015. 
Longitude 23° 31'°3 E. 


Place of observation on west side of road, opposite dam and a little to 
north of it. In midst of Kuruman hills, rocks highly magnetic. 


Declination (D). 
Date. G.M.T. D (observed). Observer. Instrument. 

1912 Jan. 7 6.49 a.m. 36° 203 W. Beattie 73 

7.35 a.m. 36 10°6 


Dip (6). 
Date. G.M.T. Needle. (observed). Observer. Instrument. 
1912 Jan. 7 5.10 a.m. 1 50° 2168. Beattie 142 
5.10 a.m. 2 50 23°4 ” 


Horizontal Intensity (H). 


| Date. G.M.T. H (observed). Observer. Instrument. 
i 1912 Jan. 7 8.11 a.m. V 

8.53a.m.D, -20242 Beattie 73 

9.22 a.m. V H,, *20252 


Bruwer’s Faru.—Latitude 26° 18'7S. 
Longitude 24° E. 


Place of observation on east side of Bruwer’s house and 300 yards 
from it. 
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Further Magnetic Observations in South Africa. 


Declination (D). 


Date. G.M.T. D (observed). Observer. Instrument. 
1911 Dec. 15 7.11 a.m. 22° 12'°6 W. Beattie 73 
8.41 a.m. 22 165 


Dip (6). 
Date. G.M.T. Needle. 6 (observed). Observer. Instrument. 
1911 Dec.15 9.27 a.m. 1 58° 27"18S. Beattie 142 
9.27 a.m. 2 58 27°7 
9.28 a.m. 3 58 26-2 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument. 
1911 Dec. 15 7.26 a.m. V H,, *18670 Beattie 73 
8.00 a.m. D 
8.23a.m.V "18679 


Bry Paau.—Latitude 29° 10'0S. 
Longitude 20° 28’-0 E. 


Place of ‘observation three miles on Kenhardt side of Bry Paal at 
junction of two roads, 
Declination (D). 


Date. G.M.T. D (observed). Observer. Instrument. 
1912 Dec. 31 9.01 a.m, 25° 07''9 E. Beattie 73 


Dip 
Date. G.M.T. Needle. 6 (observed). Observer. Instrument. 
1912 Dec. 31 9.51 a.m. 1 58° 53°28. Beattie 142 
9.51 a.m. 5 58° 48'°0 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument. 
1912 Dec. 31 9.14 a.m. V ‘18001 Beattie 73 


(Swan’s Farm).—Latitude 26° 02'-7 
Longitude 25° 11'-4 E. 


Place of observation in hollow on side of dwelling-house and farm 
buildings away from Mafeking. 


19 
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Hi Declination (D). 
; Date. G.M.T. D (observed). Observer. Instrument. 
1911 Dee. 11 7.54am. 29° 11"'7 W. Beattie 73 
9.26 a.m. 22 07:3 ” ” 
| 
Dip (6). 
ahi. Date. G.M.T. Needle. 6 (observed). Observer. Instrument. 
1911 Dec.11 10.54 a.m. 1 57° 58°48. Beattie 142 
ve 10.55 a.m. 2 57 58:0 
10.55 a.m. 3 57 57°4 ” ” 
Horizontal Intensity (H). 
Date. G.M.T. H (observed). Observer. Instrument. 
H 1911 Dee. 11 8.10 a.m. V Beattie 73 
8.43 a.m. D a ‘18770 ” ” 
9.09 a.m. V H,, '18770 ne ” 
Corrney.—Latitude 33° 27'-6 8. 
Longitude 25° 44'-0 E. 
. 1 Station of 1902 reoccupied. (See ‘“‘ Report,” Appendix, p. 47.) 
Declination (D). 
ia ie Date. G.M.T. D (observed). Observer. Instrument. 
i 1910 Dec. 19 7.04 a.m. 25° 52'°3 W. Beattie 164 
10.02 a.m. 25 52:1 
2.09 p.m. 25 45°3 
Dip (8). 
ie Date. G.M.T. ' Needle. 6 (observed). Observer. Instrument. 
1910 Dec.19 12.29 p.m. 1 62°17"5S. Beattie 142 
12.29 p.m. 2 62 17:1 
i 12.29 p.m. 3 62 14:2 fe 
12.31 p.m. 4 62 16:7 
I Horizontal Intensity (H). 
ie i Date. G.M.T. H (observed). Observer. Instrument. 
hi" 1910 Deo. 19 8.47 a.m. V H,, *16945 Beattie 164 
th 9.30 a.m, D H,, *16940 
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Further Magnetic Observations in South Africa. 


Corca.—Latitude 33° 45’-4 S. 
Longitude 25° 37’7 E. 


_ Place of observation near Bright’s Hotel on side away from railway 
station, on edge of bush 120 paces from kraal and 120 paces from house. 


Declination (D). 
Date. G.M.T. D (observed). Observer. Instrument. 
1910 Dec. 17 6.19 a.m. 25° 47"1 W. Beattie 164 
9.13 a.m. 25° 45:9 


Dip (6). 
Date. G.M.T. Needle. 4 (observed). Observer. Instrument. 
1910 Dec.17 12.50 p.m. 62° 12"°5 8. Beattie 142 
12.51 p.m. 2 62 13:2 
12.51 p.m. 3 62 12°6 
12.51 p.m. 4 62 13:0 


Horizontal Intensity (BH). 


Date. G.M.T. H (observed). Observer. Instrument. 
1910 Dec. 17 8.02 a.m. V H,, *17027 Beattie 164 
8.43 a.m. D H,, *17020 


De Nevs.—Latitude 29° 11'3 S. 
Longitude 19° 39’-0 E. 


Place of observation on left-hand side of road going from Pofadder to 
Kenhardt. On Pofadder side of farmhouse on side of dam nearer road 
25 paces from end of stone wall forming dam boundary. 


Declination (D). 
Date. G.M.T. D (observed). Observer. Instrument. 
1912 Dec. 27 11.11 a.m. 25° 039 W. Beattie 73 


Dip (6). 
Date. G.M.T. Needle. 6 (observed). Observer. Instrument. 
1912 Dec 27 10.03 a.m. 1 58° 41'58. Beattie 142 
10.03 a.m. 5 58 42°7 “ 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument. 
1912 Dec.27 11.58am.V ‘18100 Beattie 73 
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Dincte.—Latitude 27° 48’-9 S. 
Longitude 22° 58’-5 E. 
| Place of observation on north side of store and about 300 paces from it. 
Declination (D). 

i Date G.M.T. D (observed). Observer. Instrument. 
1912 Jan. 5 6.43 a.m. 22° 59’-1 W. Beattie 73 
8.10 a.m. 22 56:1 
Dip (6). 

Date. G.M.T. Needle. (observed). Observer. Instrument. 

1912 Jan. 5 5.06 a.m. 1 58° 320 S. Beattie 142 
5.06 a.m. 2 58 ” ” 
4 Horizontal Intensity (H). 

Ht Date. G.M.T. H (observed). Observer. Instrument. 
1912 Jan. 5 7.00 a.m. V 
he 7.37 a.m. D H,, °18371 Beattie 73 
8.03 a.m. V H,, *18392 
Drooce Groxp.—Latitude 29° 07''3 S. 
Longitude 20° 15'0 E. 
dk iS For position of station see sketch in field book. 
Declination (D). 
by | Date. G.M.T. D (observed). Observer. Instrument. 
| i 1912 Dec. 30 6.53 a.m. 25° 05'-5 W. Beattie 73 
ba.” 8.42 a.m. 25 01:6 
Dip (6). 
_ Date. G.M.T. Needle. 6 (observed). Observer. Instrument. 
1912 Dec.30 5.41am. 1 59° 07'6S. Beattie 142 
54lam. 5 59 056 
Horizontal Intensity (H). 
— Date. G.M.T. H (observed). Observer. Instrument. 
_ 1912 Dec. 30 7.10 a.m. V H,, °17932 Beattie 73 
7.58 a.m. D H,, °17935 
8.29 a.m. V 
|| 


Further Magnetic Observations in South Africa. 


East Lonpon.—Latitude 33° 00’-0 S. 
Longitude 27° E. 


Previous station at East London behind Beach Hotel, no longer 
suitable on account of various iron structures which have been erected 
near it. New station to the east of the Beach Hotel beyond the last of 
the tramway poles; to reach this station go from Beach Hotel along main 
road past end of tram-line, turn off the road just before reaching the bush 
land, cross the stream by a bridge and go along the road towards the 
destructor until a green patch is reached surrounded by bush on all sides 
except the north-west; place of observation on south-east side of this 
patch alongside bush. 


Declination (D). 


Date. G.M.T. D (observed). Observer. Instrument. 
1911 July 2 8.00 a.m. 24° 560 W. Beattie 73 
9.59 a.m. 24 58:2 


Dip (6). 


Date. G.M.T. Needle. 64 (observed). Observer. Instrument. 
1911 July2 10.45a.m. 1 62° 2875S. Beattie 142 
10.45 a.m. 2 62 29°3 


10.45 a.m. 3 62 29-0 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument. 
1911 July 2 8.18 a.m. V H,, *16863 Beattie 73 
9.34 a.m. V 


EENDEKUIL.—Latitude 32° 41'2 8S. 
Longitude 18° 52’-0 E. 


The place of observation is reached by going 15 paces from mile- 
post 128 away from Cape Town, and then at right angles to railway 
across river-bed about 15 paces from river-bank. 


Declination (D). 


Date. G.M.T, D (observed). Observer. Instrument. 
1913 Feb. 6 8.32 a.m. 26° 54-0 W. Beattie 73 
10.27 a.m. 26 48°6 re 
1.22 p.m. 26 46°2 “ 


2.01 p.m. 26 46°5 ” ”» 


Date. G.M.T. 
1913 Feb. 6 7.43 a.m. 
7.44 a.m. 
7.44 a.m. 
7.44 a.m. 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument. 
1913 Feb. 6 8.52 a.m. V H,,. ‘17528 Beattie 73 
9.31 a.m. D H,,. °17527 ” 
10.9 am. V ” 
12.14 p.m. V H,, 117511 
12.42pm.D 4H,,°17518 ‘ 
1.10 p.m. V 


Place of observation on left-hand side of road going from Ottoshoop to 
Lichtenburg, farmhouse about a mile away on the same side of the road. 
Water between road and farmhouse. 


Date. G.M.T. 
8.32 a.m. 


1911 Jan. 2 


Date. G.M.T. 
1911 Jan. 2 10.52 a.m. 
10.53 a.m. 


Date. G.M.T. 
1911 Jan. 2 9.07 a.m. 
9.38 a.m. 


Place of observation on opposite side of road to Erasmus’s smithy on 
Kuruman side of clump of trees about 60 paces from the road going from 


Geluk to Kuruman. 
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Exanps Put, Outspan.—Latitude 25° 58'-4 S. 


Horizontal Intensity (H). 


Erasmvus.—Latitude 27° 08’0 S. 


Dip (0). 


Needle. 6 (observed). Observer. Instrument. 
1 59° 59°78. Beattie 142 
5 59 61°4 
2 59 59-9 


Longitude 26° E. 


Declination (D). 


D (observed). Observer. Instrument. 


21° 47:1 W. Beattie 164 


Dip (0). 
Needle. 6 (observed). Observer. Instrument. 
1 58° 19'2S. Beattie 142 

2 58 19-9 ” ” 


H (observed). Observer. Instrument. 
V H,, *18840 Beattie 164 


Longitude 24° 08'0 E. 
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Further Magnetic Observations in South Africa. 


Declination (D). 
Date. G.M.T. D (observed). Observer. 
1911 Dec. 27 7.30 a.m. 22° 59’°4 W. Beattie 73 
8.55 a.m. 22 


” 


Instrument. 


” 


Dip (6). 
Date. 


G.M.T. Needle. 6 (observed). 
1911 Dec. 27 9.31 a.m. 1 


9.31 a.m. 2 


Observer. 


58 43'0S. Beattie 
58 42°9 


Instrument. 


142 


” 


” 


Horizontal Intensity (H). 
G.M.T. 
7.45 a.m. V 
8.17 a.m. D 
8.42 a.m. V 


Date. 
1911 Dec. 27 


H (observed). Observer. 


H,, ‘18503 Beattie 


Instrument. 


73 
‘18513 


27° 33'-0 S. 
Longitude 22° 580 E. 


Place of observation on right-hand side of house and garden coming 
from Kuruman. 


Dip (6). 
Date. 


G.M.T. Needle. 6 (observed). 
1912 Jan. 4 8.47 a.m. 1 58° 40'-5 S. 


8.47 a.m, 2 58 41:1 


Observer. Instrument. 


Beattie 142 


” ” 


Horizontal Intensity (H). 
G.M.T. 
9.16 a.m. V 
9.47 a.m. D 


Date. H (observed). Observer. Instrument. 
1912 Jan. 4 H,, 18263 Beattie 73 
H,, *18263 


” 


FraseRBurG Roap.—Latitude 32° 46’0 S. 
Longitude 22° 00’-0 E. 
Repeat station. (See “ Report,’ Appendix, p. 66.) 


Place of observation in bed of river on right-hand side of road going 
from station eastwards and near bank farther from railway. 
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Declination (D). 


Date. 
1912 June 29 


G.M.T. 


8.52 a.m. 
11.01 a.m. 
12.51 p.m. 

1:31 p.m. 


D (observed). 
26° 03-1 W. 
26 02:1 
25 58°5 
25 58:5 


Observer. 
Beattie 


Instrument. 


73 


Dip (6). 

G.M.T. Needle. 6 (observed). Observer. Instrument. 
12.11 p.m. 1 61° 06"0S. Beattie 142 
12.12 p.m. 2 61 06°8 ” ” 
12°12 p.m. 3 61 03°3 ” ” 


Date. 
1912 June 29 


Horizontal Intensity (H). 
G.M.T. H (observed). 
9.18 a.m. V 
9.50 a.m. D 
10.13 a.m. D 
10.44 a.m. V 


Date. 
1912 June 29 


Observer. Instrument. 
Beattie 73 
H,, 17390 

H,. ‘17377 


GENESA.—Latitude 26° 35’-4 S. 
Longitude 24° 10’-4 E. 


Place of observation north of Edmond’s Store and east of Wesleyan 
Mission. 


Declination (D). 


D (observed), Observer. Instrument. 


22° 183 W. Beattie 73 
92 13:1 


Date. 
1911 Dec. 23 


G.M.T. 
7.07 a.m. 
8.36 a.m. 


Dip (8). 

G.M.T. Needle. 
9.25 a.m. 1 
9.26 a.m. 2 
9.26 a.m. 3 


Date. 
1911 Dec. 23 


@ (observed). 
58° 20'-4 S. 
58 
58 20°8 


Observer. Instrument. 


Beattie 142 


Horizontal Intensity (H). 
G.M.T. H (observed). 
7.21 a.m. V 
7.58 a.m.D 
8.22 a.m. V 


Date. 
1911 Dec. 23 


Observer. Instrument. 
Beattie 73 
H,, °18515 
H,, ‘18516 
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Further Magnetic Observations in South Africa. 


GROOTFONTEIN.—Latitude 27° 39'-0 S. 
Longitude 24° 00"0 E. 


Declination (D). 
Date. G.M.T, D (observed). Observer. Instrument. 

1912 Jan. 9 8.44 a.m. 24° 09"'1 W. Beattie 73 

10.08 a.m. 24 


Dip (6). 
Date. G.M.T. Needle. 6 (observed). Observer. Instrument 

1912 Jan. 9 5.40 a.m. 1 58° 57'°5 S. Beattie 142 

5.40 a.m. 2 58 


Horizontal Intensity (H). 


Date. G.M.T. H (observed), Observer. Instrument. 
1912 Jan. 9 8.58 a.m. V Beattie 73 
9.31 a.m. D H,, °18187 
9.55 a.m. V H,, *18207 


Groot Riet.—Latitude 29°17'5S. 
Longitude 20° 46’-0 E. 


On Kenhardt side of river. Right-hand side of road coming from 
Kenhardt to Pofadder under large thorn-tree. 


Declination (D). 
Date. G.M.T. D (observed). Observer. Instrument. 

1913 Jan. 1 7.49 a.m. 24° 55"1 W. Beattie 73 

9.39 a.m. 24 51:7 ” ” 


Dip (8). 
Date. G.M.T. Needle. 6 (observed). Observer. Instrument. 
1913 Jan.1 10.15 a.m. 1 58° 617 S. Beattie 142 | 
10.16 a.m. 5 58 58°7 


Horizontal Intensity (H). 


Date. G.M.T. H (observed), Observer. Instrument. 
1913 Jan. 1 §.05 a.m. V Beattie 73 
8.32 a.m. D H,, 17999 


| 
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Farm HampurG.—Latitude 27° 01'-4 S. 
Longitude 24° E. 


Place of observation on edge of clump of trees between Hamburg and 
Potgieter’s Farm and on side of clump away from Hamburg. 


Declination (D). 


Date. G.M.T. D (observed). Observer. Instrument. 
1911 Dec. 25 6.54 a.m. 22° 445 W. Beattie 73 
8.55 a.m. 22 41:5 


Dip (6). 


Date. G.M.T. Needle. 4 (observed). Observer. Instrument. 
1911 Dec. 25 9.39 a.m. 1 58° S. Beattie 142 
9.39 a.m. 2 58 48:4 
9.38 a.m. 3 58 47:3 


Horizontal Intensity (H). 
Date. G.M.T. H (observed). Observer. Instrument. 


1911 Dec.25 814am.D H,, ‘18453 Beattie 73 
8.40 a.m. V H,, ‘18465 


HarrisBurG.—Latitude 27° 09'0 8S. 
Longitude 26° E. 


Place of observation on northern side of railway and on opposite side 
of store to railway ; on the left-hand side of the road coming from railway 
and 300 paces from the store. 


Declination (D.) 
Date. G.M.T. D (observed). Observer. 
1912 July8 10.49 a.m. 21° 34-4 W. Beattie 
12.13 p.m. 21 32°8 me 
1.44 p.m. 21 


Dip (6). 


Date. G.M.T. Needle. 6 (observed). Observer. Instrument. 
1912 July 8 9.50 a.m. 5 59° 20’°5 S. Beattie 142 
9.50 a.m. 6 59 18°7 
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Further Magnetic Observations in South Africa. 29 


Horizontal Intensity (H). 


Date. G.M.T. H (observed), Observer. Instrument. 
1912 July 8 11.09 a.m. V Beattie 73 
11.33 a.m. D H,, 18308 


11.59 a.m. V ‘18305 ” ” 


HARTEBEESTFONTEIN.—Latitude 26° 45'5 S. 
Longitude 26° 240 E, 


Place of observation on outspan under thorn-trees 300 paces from road 
150 paces from police camp. 
Declination (D). 


Date. G.M.T. D (observed), Observer. Instrument. 
1911 Jan, 5 7.35 a.m. 21° 54°55 W. Beattie 164 


Dip (6). 
Date. G.M.T, Needle. 6 (observed). Observer. Instrument. 

1911 Jan. 5 9.53 a.m. 1 59° 01'-2 8. Beattie 142 

9.53 a.m. 2 59 01:2 Pe ‘i 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument. 
1911 Jan. 5 8.07 a.m. V ‘18472 Beattie 164 


Horezar West.—Latitude 30° 0715S. 
Longitude 20° 26'-8 E. 


The direct road from Onderste Doorns to Nanibies crosses a road 
leading from Hoezar West to Hoezar East at a point about 11 miles from 
Onderste Doorns. The place of observation was on the direct road on the 
Nanibies side of the cross-roads on the top of the first rise. 


Declination (D). 
Date. G.M.T. D (observed). Observer. Instrument. 

1912 Dec. 12 7.01 a.m. 25° 287 W. Beattie 73 

8.54 a.m. 25 27°3 “ 


Dip (6). 
Date. G.M.T. Needle. @ (observed). Observer. Instrument. 

1912 Dec.12 9.47 a.m. 5 59° S. Beattie 142 

9.46 a.m. 6 59 12:0 
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Horizontal Intensity (H.) 


Date. G.M.T. H (observed). Observer. Instrument. 
1912 Dec.12 7.17a.m.V H,, ‘17921 Beattie 73 
8.09 a.m. D H,, 17918 


8.42 a.m. V 


Howmoep.—Latitude 29° 8S. 
Longitude 19° 33'0 E. 


ie Place of observation to south of wind pump and about 150 paces 
4, | from it. 


ny Declination (D). 
id Date. G.M.T. D (observed). Observer. Instrument. 
1912 Dec. 18 8.27 a.m. 25° 23':0 W. Beattie 73 


Dip 
Date. G.M.T. Needle. 6 (observed). Observer. Instrument. 
Dec.18 9.36 a.m. 1 58° 4678. Beattie 142 


1912 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument. 
1912 Dec. 18 8.42 a.m. V ‘18071 Beattie 73 


31° 29'6 S. 
Longitude 23° 15’-0 E. 


(See Report,”” Appendix, p. 87.) 


Previous station reoccupied. 


Declination (D). 
Date. G.M.T. D (observed). Observer. Instrument. 

1911 June 26 8.56 a.m. 25° 367 W. Beattie 73 

11.21 a.m. 25 31:7 ” ” 


Dip (6). 
1] Date. G.M.T. Needle. 6 (observed). Observer. Instrument. 
1911 June 26 1.20p.m. 1 60° 32'-2 8. Beattie 142 
1.20 p.m. 2 60 30°5 


Horizontal Intensity (H). 


Bi >|) Date. G.M.T. H (observed). Observer. Instrument. 
1911 June26 9.16am. V Beattie 73 

10.02 a.m. D H,, "17599 

10.41 a.m. V H,, 17593 
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Further Magnetic Observations of South Africa. 


Kapesis.—Latitude 26° 166 S. 
Longitude 24° E. 


Place of observation, in front of Esterhuysen’s house. 


Dip (8). 
Date. G.M.T. Needle. 6 (observed). Observer. Instrument. 
1911 Dec.16 9.03 a.m. 1 58° 07"7S. Beattie 142 
9.03 a.m. 2 58 04°4 
9.08 a.m. 3 58 06:1 


Horizontal -Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument. 
1911 Dec. 16 9.43 a.m. V ‘18813 Beattie 73 


KarREE.—Latitude 28° S. 
Longitude 26° 21'-0 E. 


Same station as in 1903. (See “ Report,” Appendix, p. 95.) 


Declination (D). 


Date. G.M.T. D (observed). Observer. Instrument. 
1911 July 4 10.34 a.m. 21° 544 W. Beattie 73 
10.54 a.m. 21 54:0 ” ” 


11.14 a.m. 21 54-2 ” ” 


Dip (6). 


Date. G.M.T. Needle. 6 (observed). Observer. Instrument. 
1911 July 4 9.09 a.m. 1 60° 09’"1 S. Beattie 142 
9.09 a.m. 2 60 10°6 


9.09 a.m. 3 60 10:9 ” ” 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument. 
1911 July 4 10.14 a.m. V Beattie 73 
10.46 a.m. D H,, ‘17826 
11.19 a.m. V H,, ‘17827 


Keevey’s Farm, Farta.—Latitude 26° 08'6 S. 
Longitude 24° 43'°9 E. 


Place of observation on east of kraal and between it and police camp, 
about 300 paces from the kraal. 


q 
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Declination (D). 
Date. G.M.T. D (observed). Observer. Instrument. 

1911 Dec. 14 7.04 a.m. 22° 42’-0 W. Beattie 73 

9.26 a.m. 22 41°8 


Dip (6). 


Date. G.M.T. Needle. 6 (observed). Observer. Instrument. 
1911 Dec.14 4.54 a.m. 1 57° 5318. Beattie 142 
4.55 a.m. 2 57 51:9 


4.55 a.m. 3 57 52°7 ” ” 


Horizontal Intensity (H). 


a Date. G.M.T. H (observed). Observer. Instrument. 
1911 Dec. 14 7.18 a.m. V H,, °19045 Beattie 73 
a 8.06 a.m. D ” ” 


8.30 a.m. V H,,. °19046 ” 


KENHARDT.—Latitude 29° S. 
Longitude 21° 09'-0 E. 


(See ‘‘ Report,” Appendix, p. 


Previous station reoccupied. 


Declination (D). 
Date. G.M.T. D (observed). Observer. Instrument. 

1913 Jan. 4 7.11 a.m. 25° 08''4 W. Beattie 73 

8.47 a.m. 25 06:0 ” 


Dip (8) 
Date. G.M.T. Needle. @ (observed). Observer. Instrument. 
i | 1913 Jan. 4 5.44 a.m. 1 59° 2178. Beattie 142 

5.44 a.m. 5 59 22:0 aS 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument. 
1913 Jan. 4 7.28 a.m. V Beattie 73 
8.01 a.m. D H,, *18035 
8.34 a.m. V H,, ‘18043 


KENKELBOSCH.—Latitude 33° S. 
Longitude 25° 52’-4 E. 


i : Place of observation on right-hand side of railway Barkly Bridge to 
it f Alexandria. On right-hand side of road going south from railway line 
50 paces from road and 250 paces from railway station. 
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Further Magnetic Observations mm South Africa, 


Declination (D). 


Date. G.M.T. D (observed). Observer. Instrument. 
1910 Dee: 15 7.21 a.m. 25° 40'-4 W. Beattie 164 


Dip 
Date. G.M.T, Needle. @ (observed). Observer. Instrument. 
1910 Dec.15 8.34 a.m. 1 62° 10'5 8S. Beattie 142 
8.35 a.m. 2 62 08:3 
8.36 a.m. 3 62 08-1 
8.36 a.m, 4 62 09°4 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument. 
1910 Dee. 15 11.30 a.m. H,, *16983 Beattie 164 
12.47 p.m. *16979 
1.36 p.m. H,, ‘16927 
2.7 p.m. H,, *16919 


Kuosis.—Latitude 27° S. 
Longitude 23° 156 E. 


Place of observation under trees to south of water-hole ; Griffin’s Store 
about half a mile further south. 


Declination (D). 


Date. G.M.T. D (observed). Observer. Instrument. 
1912 Jan. 6 6.48 a.m. 23° 49'3 W. Beattie 73 
8.19 a.m. 23 41:3 


Dip (6). 


Date. G.M.T. Needle. @ (observed). Observer. Instrument. 
1912 Jan. 6 5.13 a.m. 1 58° S. Beattie 142 
5.13 a.m. 2 58 18:0 = ss 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. 
1912 Jan. 6 7.03 a.m. V Beattie 
7.36 a.m. D H,, ‘18511 
8:04 a.m. V 
3 


Instrument. 
” 
” 
4 


| 1 : Place of observation same as in 1903. (See “ Report,” Appendix, p. 98.) 
Declination (D). 
He Date. G.M.T. D (observed). Observer. Instrument. 
1911 Jan. 7 5.00 a.m, 22° W. Beattie 164 
5.47 a.m. 22 15°6 


Date. G.M.T. Needle. (observed). Observer. Instrument. 
‘ 1911 Jan. 7 9.13 a.m. 1 59° 033 S. Beattie 142 
9.13 a.m. 2 59 04:2 
9.13 a.m. 3 59 02°8 - Pes 
9.13 a.m. 4 59 
Horizontal Intensity (H.) 
‘4 Date. G.M.T. H (observed). Observer. Instrument. 
1911 Jan. 1 6.51 a.m. V H,, *18530 Beattie 164 
7.45 a.m. D *18510 


' Le. Place of observation alongside main road from Mafeking to Swan’s 


Farm, Buckwheat. 
Date. 
1911 Dec. 10 7.21 a. 


Date. G.M.T. 
1911 Dec..10 10.53 a.m. 
10.54 a.m. 


10.53 a.m. 


Date. G.M.T. H (observed). Observer. Instrument. 
+ Py 1911 Dec. 10 7.37 a.m. V Beattie 73 
8.11 a.m. D H,, *18812 


8.33 a.m, 
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KLERKSDORP.— Latitude 


8.12 a.m. 


KLIPARANI.—Latitude 


8.50 a.m. 


Horizontal Intensity (H). 


26° 8. 
Longitude 26° 38’-0 E. 


22 15°6 


” 


Dip (6). 


25° S. 
Longitude 25° 22’-1 E. 


Declination (D). 

D (observed). Observer. Instrument. 
m. 31° W. Beattie 73 
21 57-4 ” ” 


Dip (8). 


Needle. @ (observed). Observer. Instrument. 
1 58° 12’°3 S. Beattie 142 
2 58 11-4 ” ” 


3 58 11:2 


V 18812 ” ” 
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Further Magnetic Observations in South Africa. 


Koster,—Latitude 25° 58’-0 S. 
Longitude 26° 57'5 E. 


Place of observation on left-hand side of railway, Krugersdorp to 
Zeerust; on Zeerust side of store and half-way between it and the farm. 


Declination (D). 
Date. G.M.T. D (observed). Observer. Instrument. 
1910 Dec. 29 6.49 a.m. 21° 02’:5 W. Beattie 164 
8.34 a.m. 21 O11 


Dip (6). 
Date. G.M.T. Needle. @ (observed). Observer. Instrument. 
1910 Dec. 29 9.17 a.m. 1 58° 30°7S. Beattie 142 
9.17 a.m. 2 58 29:9 


Horizontal Intensity (H). 
Date. G.M.T. H (observed). Observer. Instrument. 
1910 Dec. 29 7.30 a.m. V H,, ‘18777 Beattie 164 


Kuruman.—Latitude 27° 27'9S. 
Longitude 23° E. 


Place of observation on west side Dr. Beare’s house and 350 paces 
from it. 
Declination (D). 
Date. G.M.T. D (observed). Observer. Instrument. 
1912 Jan. 1 7.05 a.m. 23° 355 W. Beattie 73 
8.23 a.m. 23 34:8 a m 


Dip 
Date. G.M.T. Needle. 04 (observed). Observer. Instrument. 
1912 Jan. 1 5.33 a.m. 1 58° S. Beattie 142 
5.33 a.m. 2 58 45:3 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument. 
1912 Jan. 1 7.21 a.m. V H,, *18308 Beattie 73 
7.54 a.m. D 
8,18 a.m. V "18312 
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Leeuw Korx.—Latitude 30° 25'3 S. 
Longitude 21° 17'-0 E. 


of road going from farm to Onderste Doorns. 


Declination (D). 
Date. G.M.T. D (observed). Observer. 
1912 Dec. 8 6.44 a.m. 25° 17'3 W. Beattie 
8.34 a.m. 25 11°5 


Dip (8). 
. Date. G.M.T. Needle. 6 (observed). Observer. 

1912 Dec.8 9.19 a.m. 5 59° 37'5 S. Beattie 

9.19 a.m. 6 59 36:8 


Horizontal Intensity (H). 


fas Date. G.M.T. H (observed), Observer. 
i 1912 Dec. 8 7.03 a.m. V H,, ‘17827 Beattie 
7.45 a.m. D H,, °17814 
8.21 a.m. V 


Levves 29° 35"5 S. 
Longitude 19° 50’-0 E. 


about 300 paces from house and from well. 


Declination (D). 
in... Date. G.M.T. D (observed). Observer. 
1912 Dec. 16 6.33 a.m. 25° W. Beattie 
| 8.39 a.m. 25 


Dip (6). 
ie Date. G.M.T. Needle. 4 (observed). Observer. 
1912 Dec.16 5.07 a.m. 1 58° 57'°5 S. Beattie 
ts 5.07 a.m. 5 58 60°3 ” 


Horizontal Intensity (H). 
Date. G.M.T. H (observed), Observer. 
1912 Dec. 16 6.53 a.m. V H,, *17964 Beattie 
7.52 a.m. D H,, 17964 
i 8.26 a.m. V 


I Place of observation on west side of trees and about 50 paces from 
them, on north side of willows and 250 paces from them, on left-hand side - 


Instrument. 


142 


Instrument. 


73 


” 


Place of observation on west side of line joining farmhouse and well 


Instrument. 


73 


” 
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Further Magnetic Observations in South Africa. 


LICcHTENBURG.—Latitude 26° 10'-2 S. 
Longitude 26° 06’0 E. 


Place of observation between dorp and native location. Left-hand side 
of road going to latter; in hollow, probably flooded in wet weather. 


Declination (D). 


Date. G.M.T. 
1911 Jan. 3 8.01 a.m. 


D (observed). Observer. Instrument. 


21° W. Beattie 164 


Dip (6). 
Date. G.M.T. Needle. @ (observed). Observer. Instrument. 


1911 Jan.3 9.27 a.m. 1 58° 38"°7 S. Beattie 142 
9.27 a.m. 2 58 38:9 


” ” 


Horizontal Intensity (H). 


Date. G.M.T. 


H (observed). Observer. Instrument, 
1911 Jan. 3 8.28 a.m. 


‘18661 Beattie 164 


Louw Zyn Koux.—Latitude 30° S. 
Longitude 21° E. 


Place of observation on right-hand side of road coming from Zand Put, 
50 paces from road, 300 paces from the stable. 


Declination (D). 


Date. G.M.T. D (observed). Observer. 
1913 Jan. 10 11.11 a.m. 25° 06"4 W. Beattie 


12°58 a.m. 25 06°5 


Dip (0). 


Date. G.M.T. Needle. @ (observed). Observer. 
1913 Jan.10 10.15 a.m. 1 59° 42'°6 8. Beattie 


10.15 am. 5 59 42:9 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). * Observer. Instrument. 
1913 Jan.10 1147am.V H,, 17746 Beattie 73 


12.15 p.m. D H,, 17738 
12.45 p.m. V 


” ” 


37 
73 
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MacHapoporP.—Latitude 25° S. 
Longitude 30° 15"0 E. 


Same station as in 1903. (See “ Report,” Appendix, p. 111.) 


Declination (D). 


Date. G.M.T. D (observed). Observer. 
1911 July 6 9.02 a.m. 


19° 33'-4 W. Beattie 
11.05 a.m, 19 32°3 


1.35 a.m. 19 28:2 


Dip 
Date. G.M.T. Needle. 6 (observed). Observer. Instrument. 
1911 July6 11.57 a.m. 1 59° 26'9 Beattie 142 
11.57 a.m. 2 


59 26°6 
11.57 a.m. 3 59 28°3 


Horizontal Intensity (H). 
G.M.T. H (observed). Instrument. 
9.22 a.m. V H,, *18407 Beattie 73 
10.03 a.m. D H,, *18415 
10.40 a.m. V 


” 


Date. 
1911 July 6 


Observer. 


MaAFEKING.—Latitude 25° 5208S. 
Longitude 25° 39’-0 E. 


Previous station reoccupied. (See ‘‘ Report,” Appendix, p. 112.) 


Declination (D). 


Date. G.M.T. D (observed). Observer. 
1911 Dec. 8 5.56 a.m. 21° 391 W. Beattie 


73 
7.06 a.m. 21 41:0 
8.54 a.m. 21 42°5 


Instrument. 


Dip (8). 

Date. G.M.T. Needle. 
1911 Dec.8 10.04 a.m. 1 
10.04 a,m. 2 
10.04 a.m. 3 


(observed). Observer. 
58° 10'-9 S. Beattie 
58 09°8 
58 10°4 


Instrument. 
142 


” 
” 
” ” 
” 
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Horizontal Intensity (H). 
G.M.T. 
7.21 a.m. V 
8.09 a.m. D H,, *18781 

8.35 a.m. V H,, 18777 


Date. 


H (observed), 
1911 Dec. 8 


Observer. Instrument. 
Beattie 142 


26° 00'-0 
Longitude 27 37':3 E. 


Place of observation on right-hand side of railway, Krugersdorp to 
Zeerust, on high ground behind railway station and 200 yards from latter. 


Declination (D). 
Date. G.M.T. D (observed). Observer. 
1910 Dec. 28 6.48 a.m. 20° 563 W. Beattie 


Instrument. 


164 


Dip (@). 


Date. G.M.T. Needle. 4 (observed). Observer. Instrument. 
1910 Dec. 28 2.35 p.m. 1 58° 43'°9 S. Beattie 142 
2.36 p.m. 2 58 43°7 


” ” 


Horizontal Intensity (H). 


Date. G.M.T. 
1910 Dec. 28 


H (observed). 
7.37 a.m. V H,, *18772 


8.37 a.m. D °18765 


Observer. Instrument. 


Beattie 164 


” ” 


Maguassi.—Latitude 27° 20'0S. 
Longitude 25° 59'°3 E. 


Place of observation on south side of railway, and on other side from 


township, south-west of Cherry’s Store opposite water-tank. On 
Warrenton side of station. 


Declination (D). 


Date. G.M.T. D (observed). Observer. Instrument. 
1912 July 9 8.26 a.m, 22° 25"'7 W. Beattie 73 
9.56 a.m. 22 


1.28 p.m. 22 22:0 


” 
” 
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Dip (6). 
Date. G.M.T. Needle. 6 (observed). Observer. Instrument. 

1912 July9 11.03 a.m. 5 59° 23"5 S. Beattie 142 

11.03 a.m. 6 59 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument. 
1912 July 9 . 842 a.m. V Beattie 73 
9.10 a.m. D H,, :18379 ” 
9.40 a.m. V H,, °18398 


Marxson’s (P.O. Wonderfontein, 
Marico, West Transvaal).—Latitude 25° 35'3 S. 
Longitude 26° 32’-0 E. 


Place of observation on top of hill on which hotel is built, about 
150 paces from house on side opposite to railway line. 


Declination (D). 


Date. G.M.T. D (observed). Observer. Instrument. 
1910 Dec. 30 12.27 p.m. 21° 140 W. Beattie 164 


Dip (0). 
Date. G.M.T. Needle. 0 (observed). Observer. Instrument. 

1910 Dec. 30 7.17 a.m. 1 58° 08'-9 S. Beattie 142 

7.17 a.m. 2 58° 09°3 


Horizontal Intensity (H). 
Date. G.M.T. H (observed). Observer. Instrument. 

1910 Dec. 30 8.38 a.m. V H,, "18960 Beattie 164 

9.18 a.m. D H,, *18977 


MarokwEn.—Latitude 26° S. 
Longitude 23° 44’0 E. 


Place of observation between Stewart’s Store and London Mission 
Station about 200 yards from store. 


Declination (D). 
Date. G.M.T. D (observed). Observer. Instrument. 
1911 Dec. 20 6.20 a.m. 22° 11'-1 W. Beattie 73 


8.15 a.m. 22 


' 


Further Magnetic Observations in South Africa. 


Dip (0). 
Date. G.M.T. Needle. 4 (observed). Observer. Instrument. 

1911 Dec.20 4.50 a.m. 1 57° 38"3S. Beattie 142 

4.49 a.m. 2 57 36:2 ” ” 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument. 
1911 Dec. 20 6.37 a.m. V H,, *18896 Beattie 73 
7.25 a.m. D ” ” 


7.52a.m.V "18896 " ‘ 


MAtTJESFONTEIN.—Latitude 33° 14'2S8. 
Longitude 20° E. 


Repeat station. (See “ Report,’’ Appendix, p. 119.) 


Declination (D). 


Date. G.M.T. D (observed). Observer. Instrument. 
1912 June 25 1.01 p.m. 27° 00"'8 W. Beattie 73 
1.41pm. 27 006 
1912 June 26 7.17 a.m. 27 01:8 


9.01 a.m. 27 05°6 
10.41 a.m. 27 03°6 
12.10 p.m. 27 00°7 ~ 
1.38 p.m. 27 00:8 
2.30 p.m. 27 01-4 
1912 June 27 12.00 noon 27 
1.29 p.m. 27 ” 
1912 June 28 8.30 a.m. 27 00°9 
8.55 a.m. 27 03-4 
9.21 a.m. 27 


Dip (8). 
Date. G.M.T. Needle. 6 (observed). Observer. Instrument. 


1912 June27 8.00a.m. 1 60° 570 S. Beattie 142 
8.02 a.m. 2 60 
8.02 a.m. 3 60 56°6 * 0 
9.11 a.m. 4 60 
9.12 a.m. 5 60 58°8 os ” 
9.12 a.m. 6 61 00:2 


: 
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Horizontal Intensity (H). 
Date. G.M.T. H (observed). Observer. Instrument. 


1912 June 26 9.50 a.m. V H,, 17196 Beattie 73 
9.55 a.m. D H,, °17207 

10.26 a.m. V 

12.26 p.m, V 

12.56 p.m. D H,, 17176 ” 

1.24 p.m, V H,, 17179 

1912 June27 12.16 p.m. V H,, 17211 
12.44 p.m. D H,, *17206 

1.15 p.m. V 09 ” 


MEInTJEs’s FarmM.—Latitude 26° 04'4 S. 
Longitude 25° E, 


Place of observation about 300 yards east of dwelling-house. 


Declination (D). 
Date. G.M.T. D (observed). Observer. Instrument. 

1911 Dec. 12 7.01 a.m. 21° 553 W. Beattie 73 

8.35 a.m. 21 59°3 


Dip 
Date. G.M.T. Needle. @ (observed). Observer. Instrument, 
1911 Dec.12 9.42 a.m. 1 58° 2258. Beattie 142 


9.43 a.m. 2 58 21°2 
9.43 a.m. 3 58 21°6 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument, 
1911 Dec. 12 7.14 a.m. V H,,, 18665 Beattie 73 
7.52am.D H,, *18648 


8.17 a.m. V 


MorrayspurG.—Latitude 31° 56'0S. 
Longitude 23° 43"0 E. 


Place of observation on south side of village and at east end of football 
field in line with goal-posts and about 60 yards from nearer posts. 


Declination (D). 


Date. G.M.T. D (observed). Observer. Instrument. 
1912 July 4 8.18 a.m. 25° 05"7 W. Beattie 73 
9.25 a.m. 25 08-4 


” ” 


Further Magnetic Observations in South Africa. 


Dip (@). 
Date. G.M.T. Needle. 6 (observed). Observer. Instrument. 
1912 July4 10.06a.m. 1 61°15'18. Beattie 142 
10.06 a.m. 3 61 19°3 ” ” 
10.51 a.m. 5 61 15°7 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument. 
1912 July 4 8.30 a.m. V H,, °17241 Beattie 73 
9.00a.m.D H,,°17234 


Namiges.—Latitude 29°09'0S 
Longitude 19° 12'-0 E. 


Place of observation between two gardens on east side of line joining 
beacon on hill to north with west end of school boarding-house. 


Declination (D). 


Date. G.M.T. D (observed). Observer. Instrument. 
1912 Dec. 20 2.04 p.m. 25° 37'"'2 W. Beattie 73 


Dip (@). 


Date. G.M.T. Needle. 6 (observed). Observer. Instrument. 
1912 Dec.20 12.06 p.m. 1 58° 18"9S. Beattie 142 
12.06 p.m. 5 58 20°8 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument. 
1912 Dec.20 1243p.m.V H,, *18187 Beattie 73 


NAnIBIES.—Latitude 29° S. 
Longitude 20° E. 


Station on the south side of the homestead, and on south—left-hand 
side of the road going to Howmoed. Windmill west side of homestead 
and tent in a line, tent about 300 paces from the homestead. There are 
two homesteads on the farm Nanibies, one about four miles farther from 
Onderste Doorns than the other. The observations were taken at the one 
more distant from Onderste Doorns. 
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Declination (D). 

D (observed). Observer. Instrument. 
25° 04'-8 W. Beattie 73 

25 07:4 ” 

25 06:0 ” 


Date. G.M.T. 
1912 Dec. 14 5.32 a.m. 
6.42 a.m. 
8.44 a.m. 


Dip (0). 
Needle. 6 (observed). Observer. Instrument. 
9.35 a.m. 5 59° 30'2 8. Beattie 142 
9.34 a.m. 6 59 29-7 re 


Date. G.M.T. 
1912 Dec. 14 


Horizontal Intensity (H). 
Date. G.M.T. H (observed). Observer. Instrument. 
1912 Dee. 14 6.58 a.m. V H,, (17721 Beattie 73 
7.57 a.m. D H,. ‘17724 ” 
8.27 a.m. V ” 


NeusPruit.—Latitude 25° S. 
Longitude 30° E. 
Place of observation on opposite side of railway line to position 
occupied in 1903; about 70 paces perpendicular to railway starting from 
blind end of siding. (See “ Report,” Appendix, p. 136.) 


Declination (D). 


D (observed). 
19° 14""1 W. 


Date. G.M.T. 
1911 July 7 2.43 p.m. 


Observer. Instrument. 
Beattie 73 


Dip (0). 
Date. G.M.T. Needle. 6 (observed). Observer. Instrument. 
1911 July7 11.02a.m. 1 59° 07'-4 Beattie 142 
11.02 a.m. 2 59 09°5 9 ‘i 


Horizontal Intensity (H). 


Date. 
1911 July 7 


G.M.T. 
11.42 a.m. 
12.14 p.m. 
12.43 p.m. 


H (observed). 
H,, ‘18622 
H,, *18602 


Observer. Instrument. 


Beattie 73 


OrtrosHoor.—Latitude 25° 44'°6 S. 


Longitude 26° E. 


Place of observation on left-hand side of road, Zeerust to Ottoshoop, 
300 paces south-east of McLoughlen’s Hotel. 


” ” 
” ” 


Date. G.M.T. 
1911 Jan. 1 1.04 p.m. 


1.45 p.m. 


1911 Jan. 1 9.01 a.m, 
9.00 a.m. 


Date. G.M.T. 
1911 Jan.1 12.07p.m. 


12.38 p.m. 


1912 Dec. 24 5.39 a.m. 
5.39 a.m. 


Date. G.M.T. 
1912 Dec. 24 7.56 a.m. V 
8.28 a.m. D 


9.25 a.m. V 


Further Magnetic Observations in South Africa. 


Declination (D). 


Horizontal Intensity (H). 


29° 8, 
Longitude 19° E. 

Place of observation to right of road from Aggennys, midway between 

two large kameeldoorn-trees, at a point 412 paces from church and 538 

paces from middle of river-bed. Same station as in 1909. 


Declination (D). 


Horizontal Intensity (H). 


PoFaDDER.—Latitude 29° 07'-0 S. 
Longitude 19° 24’-0 E. 
Place of observation on west side of river. 


D (observed). Observer. Instrument. 
21° 37':0 W. Beattie 164 
21 39:2 


Dip (0). 


Date. G.M.T. Needle. @ (observed). Observer. Instrument. 


1 58° 07"4S. Beattie 142 
2 58 08-2 ” 


H (observed), Observer. Instrument. 
H,, "18843 Beattie 164 
H,, *18860 


Date. G.M.T. D (observed). Observer. Instrument. 
1912 Dec. 24 7.00 a.m. 25° 448 W. Beattie 73 
9.38 a.m, 95 44-6 ” ” 
11.55 a.m. 25 
12.44 p.m. 25 
Dip (@). 
Date. G.M.T. Needle. @ (observed), Observer. Instrument. 


1 58° 22'"-2 S. Beattie 142 
5 58 24-2 


” ” 


H (observed), Observer, Instrument. 
H,, *18188 Beattie 73 
1 8200 ” ” 


” ” 


| 
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Declination (D). 
Date. G.M.T. D (observed). Observer. Instrument. 

1912 Dec. 26 7.18 a.m. 25° 44-4 W. Beattie 73 

9.26 a.m. 25 43:0 


Dip (6). 
Date. G.M.T. Needle. 6 (observed). Observer. Instrument. 

1912 Dec. 26 5.50 a.m. 1 58° 4638. Beattie 142 

5.50 a.m. 5 58 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument. 
1912 Dec.26 7.35a.m.V Beattie 73 
9.14 a.m. V H,, ‘18071 


QUAGGAFONTEIN.—Latitude 29° 59’-1S. 
Longitude 20° E 


Place of observation on left-hand side of road coming from Stof-Bakjes 
to house at Quaggafontein, near a shallow narrow vley which has water 


after rain. 
Declination (D). 
Date. G.M.T. D (observed). Observer. Instrument. 
1913 Jan. 8 7.39 a.m. 25° W. Beattie 73 


8.07 a.m. 25 23°6 


Dip (0). 
Date. G.M.T. Needle. 4 (observed). Observer. Instrument. 

1913 Jan. 8 5.23 a.m. 1 59° 25'-2 S. Beattie 142 

§.23 a.m. 5 59 25°6 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument. 
1913 Jan. 8 9.10 a.m. V 17836 Beattie 73 


QUEENSTOWN.—Latitude 31° S. 
Longitude 26° 52’0 E. 


Place of observation on northern prolongation of Cathcart Road over 
the bridge on west side of road in municipal ground. Magnetometer 
placed about 30 paces to magnetic north of wooden lamp-post. Same 
station as in 1902. 


‘ 
a 
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Declination (D). 


Date. G.M.T. D (observed). Observer. Instrument. 
1911 June 28 2.08 p.m. 24° 41"7 W. Beattie 73 
June 29 7.52 a.m. 24 32:8 


” ” 


9.57 a.m. 


24 39°6 


” ” 


Dip (0). 
Date. G.M.T. Needle. 6 (observed). Observer. Instrument. 
1911 June 29 12.34 p.m. 1 61°47"5S. Beattie 142 
12.34 p.m. 2 61 47:5 
12.34pm. 3 61 445 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument. 
1911 June 29 8.12 a.m. V H,, ‘17268 Beattie 73 


9.34 a.m. V 


Ricumonp, C.P.—Latitude 31° 25'7 S. ' 
Longitude 23° E. 


Place of observation on south side of village. Left-hand side of road 
coming from Murraysburg to Richmond. Magnetometer at intersection 
of lines joining church steeple and high kopje and joining grandstand and 
small house. 

Declination (D). 
Date. G.M.T. D (observed). Observer. Instrument. 
1912 July 5 8.14 a.m. 24° 52'°5 W. Beattie 73 
9.42 a.m. 24 52:9 


Dip (6). 
Date. G.M.T. Needle. 6 (observed). Observed. Instrument. 

1912 July5 11.05 a.m. 1 61° 23'8S. Beattie 142 

11.04 a.m. 5 61 24:9 

11:06 a.m. 6 61 23-0 


” ” 


Horizontal Intensity (H). 

Date. G.M.T. H (observed). Observer. Instrument. 
1912 July 5 8.29 a.m, V Beattie 73 

8.58 a.m. D H,, ‘17250 

9.26 a.m. V H,, °17244 
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RoopEKLoor.—Latitude 25° 49'7 S. 
Longitude 27° E. 


Place of observation at Roodekloof on Esterhuysis Farm ; south side 
of farmhouse on side of cattle kraal nearer Boons and about 60 paces 
from east corner of kraal. 

Declination (D). 
Date. G.M.T. D (observed). Observer, Instrument. 
1910 Dec. 26 6.42 a.m, 20° 59'7 W. Beattie 164 
8.39 a.m, 20 57:4 


Dip (6), 
Date. G.M.T. Needle. 0 (observed). Observer. Instrument, 

1910 Dec. 26 9.31 a.m. 1 58° 30''8 S. Beattie 142 

9.31 a.m. 2 58 30°1 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument. 
1910 Dec. 26 7.36 a.m, H,,. °18817 Beattie 164 
8.17 a.m. *18806 


RumseEy’s Farm.—Latitude 26° 24'3 5S. 
Longitude 24° 03'-0 E. 


Place of observation east of house and of windmill, and on left-hand 
side of road to Genesa. 
Declination (D). 
Date. G.M.T. D (observed). Observer. Instrument. 
1911 Dec. 22 6.26 a.m. 22° 10’-0 W. Beattie 73 
8.18 a.m. 22 09:4 


Dip 
Date. G.M.T. Needle. 6 (observed), Observer. Instrument. 
1911 Dec.22 5.12 a.m. 1 58° S. Beattie 142 


5.12 a.m. 2 58 25:1 ” ” 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument. 
1911 Dec. 22 6.41 a.m. V ° , Beattie 73 
7.33 a.m. D H,, *18932 
8.04 a.m. V H,,. °18921 


f 
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RustTenBurG.—Latitude 25° 40’-0 8S. 
Longitude 27° E. 


Place of observation near native location between it and Culbert’s 
stables. 
Declination (D). 
Date. G.M.T. D (observed). Observer. Instrument. 
1910 Dec. 25 7.12 a.m. 20° 35:7 W. Beattie 164 
9.32 a.m. 20 35°6 


Dip (6). 
Date. G.M.T. Needle. 6 (observed). Observer. Instrument. 
1910 Dec. 25 5°31 a.m. i 58° 29'-0 S. Beattie 142 
5.31 a.m. 2 58 28-1 
5°31 a.m. 3 58 
5.31 a.m. 4 58 29-0 


Horizontal Intensity (H). 


Date. GALT. H (observed). Observer. Instrument. 
1910 Dee. 25 8.30 a.m. V H,, °18813 Beattie 164 
9.04 a.m. D H,, °18817 


Rystkuin.—Latitude 32° S. 
Longitude 22° 54’-2 E. 


Place of observation 30 miles from Beaufort West along Willowmore 
Road. Tent with magnetometer on Beaufort West side of farmhouse. 
Right-hand side of road going towards Willowmore. 


Declination (D). 
Date. G.M.T. D (observed). Observer. Instrument. 


1912 July 2 8.07 a.m. 25° 31'8 W. Beattie 73 
9.27 a.m. 25 32:9 ” ” 


Dip (6). 
Date. G.M.T. Needle. @ (observed). Observer. Instrument. 
1912 July2 10.02 a.m. 1 60° 58"2S. Beattie 142 
10.02 a.m. 2 60 57°6 is 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. 
1912 July 2 8.22 a.m. V H,, 17414 Beattie 
8.49 a.m. D a 
9.13a.m.V  _H,."17408 
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SANDFLATS.—Latitude 13°20'0 8. 
Longitude 25° E. 


Place of observation in Bruton’s field behind hotel on right-hand side of 
railway Port Elizabeth to Cradock. 


Declination (D). 


Date. G.M.T. D (observed). Observer. Instrument. 
1910 Dec. 20 7.53 a.m. 25° 48'°3 Beattie 164 
Dip (6). 
Date. G.M.T, Needle. 6 (observed). Observer. Instrument. 
1910 Dec. 20 10.27 a.m. 1 62° 18'-2 Beattie 142 
10.26 a.m, 2 62 17-0 ” ” 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument. 
1910 Dee. 20 8.37 a.m. H,,, ‘16950 Beattie 164 
9.25 a.m. H,, 16934 


ScHULENBURG,—Latitude 26° S. 
Longitude 25° E. 


Place of observation on south side of willows about half a mile west of 
the dam, and on the side of the wire fencing away from the house. 


Declination (D). 


Date. G.M.T, D (observed). Observer. Instrument. 
1911 Jan. 4 8.37 a.m. 21°54'-4 W. Beattie 164 
Dip (6). 
Date. G.M.T. Needle. 4 (observed). Observer. Instrument. 
1911 Jan. 4 9.26 a.m. 1 58° 44'-9 §. Beattie 142 
9.26 a.m. 2 58 44:4 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument. 
1911 Jan. 4 5.27 a.m. V H,,. 18616 Beattie 164 
6.18 a.m. D H,, 18601 


= 


Further Magnetic Observations in South Africa. 


SwANswANI.—Latitude 27° 46’6 S. 
Longitude 23° 49'°5 E. 


Declination (D). 


Date. G.M.T. D (observed). Observer. Instrument. 
1912 Jan. 8 7.04 a.m. 23° 10-2 W. Beattie 73 
8.40 a.m. 23 04:3 


Dip (6). 
Date. G.M.T. Needle. 4 (observed). Observer. Instrument. 
1912 Jan.8 5.18 a.m. 1 58° 575 § Beattie 142 
a 5.19 a.m. 2 58 56°8 ” ” 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument. 
1912 Jan. 8 7.18 a.m. V H,, °18197 Beattie 73 
7.55 a.m. D 
8.24a.m.V H,, ‘18193 


Van Wrk’s VuEI.—Latitude 30° S. 
Longitude 21° 500 E. 


Station occupied in 1904 could not be reoccupied. New station on left- 
hand side of road going: north from Van Wyk’s Vlei, about 220 paces from 
Gerber’s Store and on the north side of it. 


Declination (D). 
Date. G.M.T. D (observed). Observer. Instrument. 
1912 Dec. 6 6.06 a.m. 25° 372 W. Beattie 73 
8,46 a.m. 25 38°0 ” ” 


Dip (6). 
Date. G.M.T. Needle. @ (observed). Observer. Instrument. 
1912 Dec. 6 9.01 a.m. 5 59° 57-0 8. Beattie 142 
9.01 a.m. 6 59 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument. 
1912 Dec. 6 7.00 a.m. V Beattie 73 
7.45a.m.D H,,°17593 
8.19 a.m. V .17575 
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WARRENTON.—Latitude 28° S. 
Longitude 24° 52’0 E. 


Same station as in 1903. (See “ Report,” Appendix, p. 206.) 


Declination (D). 


Date. G.M.T. D (observed). Observer. Instrument. 
1911 Dec. 5 5.50 a.m. 23° 24"°4 W. Beattie 73 
6.56 a.m. 23 24:3 ” ” 


8.56 a.m. 23 


Dip (0). 


Date. G.M.T. Needle. @ (observed). Observer. Instrument. 
1911 Dec. 5 10.02 a.m. 1 59° 45"°7 Beattie 142 
10.02 a.m. 2 59 45°6 


10.02 a.m. 3 52 44°7 ” ” 


Horizontal Intensity (BH). 


Date. G.M.T. H (observed). Observer. Instrument. 
1911 Dec.7 , 7.12am.V Beattie 73 
8.06 a.m. D H,, *18072 
8.32 a.m. V H,, ‘18066 


WESSELS.—Latitude 27° 23’7 S. 
Longitude 23° 39’-9 E. 


Place of observation a mile and a half to east of homestead on 
Vryburg road, about 15 miles from Kuruman. 


Declination (D). 
Date. G.M.T. D (observed). Observer. Instrument. 

1911 Dec. 29 7.06 a.m. 22° 542 W. Beattie 73 

8.42 a.m. 22 58:2 


” ” 


Dip 
Date. G.M.T. Needle. @ (observed). Observer. Instrument. 

1911 Dec. 29 9.34 a.m. 1 59° 06'-4 S. Beattie 142 

9.34a.m. 2 59 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument. 
1911 Dec. 29 7.22 a.m. V Beattie 73 
8.00 a.m. D H,, ‘18463 
8.26 a.m. V H,, *18465 


4 F 
i 


Further Magnetic Observations in South Africa. 


ZanpD Gat.—Latitude 29°11'0 8S. 
Longitude 19° 43’-0 E. 


Place of observation 250 paces south-east of farmhouse. 


Declination (D). 


Date. G.M.T. D (observed). Observer. Instrument. 
1912 Dec. 28 7.06 a.m. 25° 03"'3 W. Beattie 73 
9.02 a.m. 25 


Dip (6). 


Date. G.M.T. Needle. 6 (observed). Observer. Instrument. 
1912 Dec. 28 5.50 a.m. 1 58° 37'°5 S. Beattie 142 
5.50 a.m. 5 58 37:2 ” 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument. 
1912 Dec. 28 7.27 a.m, V H,, 18165 Beattie 73 
7.58 a.m, D H,,. °18176 
8.42 a.m. V 


Zanp Put.—Latitude 30° 05’-7 S. 
Longitude 20°49'-0 E. 


Place of observation on left-hand side of road coming from Blok Zyn 
Kolk on side of dam away from farmhouse. 


Declination (D). 


Date. G.M.T. D (observed). Observer. Instrument. 
1913 Jan. 9 8.58 a.m. 25° 22'-5 W. Beattie 73 
10.29 a.m. 25 20:3 


Dip (6). 


Date. G.M.T. Needle. @ (observed). Observer. Instrument. 
1913 Jan. 9 11.42 a.m. 1 59° 34’-2 S. Beattie 142 7 
11.42 a.m. 5 59 33:8 ” ” 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument. 
1913 Jan. 9 9.40 a.m. V H,,. 17743 Beattie 73 
10-:09a.m.D “17746 » 
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ZEERUST.—Latitude 25° 32'6S. 
Longitude 25° 59’-0 E, 


Place of observation on west side of village on prolongation of main 
street beginning from end where Mafeking main road starts. Three 
hundred paces from sluit alongside path running at right angles to Mafe- 
king road. 
Declination (D). 
Date. G.M.T. D (observed). Observer. Instrument. 
1910 Dec. 31 6.47 a.m. 22° 32'-5 W. Beattie 164 
9.02 a.m. 22 26°6 


Dip 
Date. G.M.T. Needle. 6 (observed). Observer. Instrument. 
1910 Dec. 31 9.15 a.m. 1 58° 08"2S. Beattie 142 
9.17 a.m. 2 58 08:5 
9.17 a.m. 3 58 07-4 
9.17 a.m. 4 58 09°6 


Horizontal Intensity (H). 
' Date. G.M.T. H (observed). Observer. Instrument. 
1910 Dee. 31 7.59 a.m. H,, *18783 Beattie 164 
8.34 a.m. H,,. *18765 


ZonvER Huis.—Latitude 29° 40’08. 
Longitude 20° 54'-0 E. 
Place of observation amongst lemoen-trees on left-hand side of road 
coming from Kenhardt. 
Declination (D). 
Date. G.M.T. D (observed). Observer. Instrument. 
1913 Jan. 6 7.15 a.m. 25° 222 W. Beattie 73 
9.24 a.m. 25 


Dip (6). 
Date. G.M.T. Needle. 6 (observed). Observer. Instrument. 
1913 Jan. 6 5.59 a.m. 1 59° 161 8. Beattie 142 
5.59 a.m. 5 59 15:9 


Horizontal Intensity (H). 
Date. G.M.T. H (observed). Observer. Instrument. 
1913 Jan. 6 7.33 a.m. V H,, ‘17876 Beattie 73 
8.35 a.m. D H,, °17876 ie 
9.12 a.m. V 


Further Magnetic Observations in South Africa. 


ZouTPan.—Latitude 26° S. 
Longitude 24° E. 

Place of observation on road from Genesa to Geluk about 3 miles 

from homestead at place where road bifurcates, one branch going to farm 

the other to Geluk. About 16 miles from Genesa. 


Declination (D). 
Date. G.M.T. D (observed). Observer. Instrument. 

1911 Dec. 24 7.53 a.m. 22° 45'2 W. Beattie 73 

9.44 a.m. 22 43:0 


Horizontal Intensity (H). 
Date. G.M.T. H (observed). Observer. Instrument. 
1911 Dec. 24 8.07 a.m. V Beattie 73 
8.07 a.m. D H,, *18587 ” ” 
9.31 a.m. V H,, °18575 


ZWwARTKOPJE.—Latitude 29° 29'0 8. 
Longitude 19° 39’-0 E. 

Place of observation to south-east of wind pump and on south side 

of a small dam about 300 paces from the wind pump. 


Declination (D). 
Date. G.M.T. D (observed). Observer. Instrument. 

1912 Dec. 17 6.23 a.m. 25° 17"°3 W. Beattie 73 

8.28 a.m. 25 20:0 


Dip (6). 
Date. G.M.T. Needle. 4 (observed). Observer. Instrument. 

1912 Dec.17 5.09a.m. 1 58° 46’8 S. Beattie 142 

5.11 a.m. 58 46:8 


Horizontal Intensity (H). 
Date. G.M.T. H (observed). Observer. Instrument. 
1912 Dec. 17 6.48 a.m. V Beattie 73 
7.44 a.m. D H,, *18119 
8.15 a.m. V H,, °18117 = 


A.—Latitude 26° S. 
Longitude 23° E. 


Place of observation on road from Marokwen to Genesa about 12 miles 
from the former. 


| 
| 
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7 Declination (D). 

= Date. G.M.T. D (observed). Observer. Instrument. 
: 1911 Dec. 21 8.16 a m. 22° 29-4 W. Beattie 73 
Dip (60). 

Date. G.M.T. Needle. 4 (observed). Observer. Instrument. 
1911 Dec. 21 9.18 a.m. 1 57° 476 8. Beattie 142 
9.18 a.m. 2 57 ” ” 
ae Horizontal Intensity (H). 

} Date. G.M.T. H (observed). Observer. Instrument. 
- 1911 Dec. 21 8.32 a.m. V ‘18886 Beattie 73 
| B.—Latitude 26° 12’-0 S. 

Longitude 24° 01'-0 E. 

: Place of observation from Beaulieu to Marokwen about 13 miles from 
Beaulieu. 

Declination (D). 
a Date. G.M.T. D (observed). Observer. Instrument. 

1911 Dec.18 7.27 a.m. 22° 24'-6 W. Beattie 73 
7.59 a.m. 22 23°9 
Dip (6). 

Date. G.M.T. Needle. 6 (observed). Observer. Instrument. 
1911 Dec.18 8.40 a.m. 1 57° Beattie 142 
8.40 a.m. 2 57° 
Horizontal Intensity (H). 
Date. G.M.T. H (observed). Observer. Instrument. 
1911 Dec. 18 7.41 a.m, V 18850 Beattie 73 


TRUE ISOGONICS, ISOCLINALS, AND LINES OF HORIZON- 
TAL INTENSITY FOR THE NORTH-WESTERN PARTS OF 
THE UNION OF SOUTH AFRICA AND FOR PART OF 
GREAT NAMAQUALAND FOR THE EPOCH JULY 1, 1908. 


By J. C. Beatriz, D.Sc., Professor of Physics, South African College, 
Cape Town. 


(Read July 16, 1913.) 


(With Three Maps, Plates III., IV., V.) 


The results used in the preparation of the magnetic charts * given in 
the following paper were obtained at various times from 1900 to 1913; the 
earlier observations in the south-west part of the Cape Province had 
already been used in preparing magnetic charts for the epoch July 1, 
1903; + these have been reduced to the later epoch by using the values 
obtained at repeat stations at Cape Town, Ceres Road, and Matjesfontein. 
Some of the observations in the Kenhardt, Carnarvon, Fraserburg, Suther- 
land, Prince Albert, and Beaufort West districts had also been used, and 
these were reduced to the new epoch by repeat observations at Fraserburg 
Road, Beaufort West, Hutchinson, Van Wyk’s Vlei, and Kenhardt; the 
previously used results in the Transvaal and the Free State were reduced 
by the help of repeat observations at Karree, Warrenton, Mafeking, 
Klerksdorp, and Orange River. The new results embodied in the present 
charts lie chiefly in the north-west of the Cape Province, in German 
South-West Africa,t and in Bushmanland; in addition a number of 
additional stations were occupied in the Western Transvaal and in British 


* The work has been carried out with the help of grants in and from the Union 
Government, the London Royal Society, the British and the South African Associations 
for the Advancement of Science. 

+ ‘‘ Report of a Magnetic Survey of South Africa,’’ by J. C. Beattie. London, 1909. 

t ‘*On Magnetic work in Southern and Central Africa,’’ by J. 0. Beattie and J. T. 
Morrison. Washington, 1913. 
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Bechuanaland.* To reduce the new observations to the epoch repeat 
stations were made at Eendekuil, Hollerivier, Aggennys, and Pella. 

In the following table the various stations are arranged in alphabetical 
order. The number of each station is given in the first column, the 
name is given in the second, and in the third, fourth, fifth, sixth, and 
seventh columns are given the latitude, the longitude, the declination, 
the dip, and the intensity respectively. 

The values of the declination, the dip, and the horizontal intensity 
have been obtained from the actual field results by applying a secular 
variation correction ; in no case has a correction for daily variation been 
applied. The observations without secular correction are given in the 
publications already referred to. 

The results are shown in three maps, one showing the isogonics, one 
the isoclinals, and the third the lines of equal horizontal intensity; the 
method of drawing the isomagnetic lines is that described on page 82 of a 
‘‘ Report of a Magnetic Survey of South Africa.”’ 


* « Further Magnetic Observations in South Africa,’’ by J. C. Beattie, Transactions of 
the Royal Society of South Africa, vol. iii., 1913. 
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True Isogonics. 


Summary or RESULTS FOR THE Epocu, Juty 1, 1908. 


Station Name. | Latitude. | Longitude, | Declination | Dip (#). 


Abelsdam 
Abbasis 
Abiekwa Put 
Aggennys 
Alewynsfontzin 


26°30’ E. | 22°43'-0 W. | | 
| 


orto po ow 
BOSSES 


Augsburg 

| Baviaanskrantz ............ | 

| Beaufort West 

| Beaulieu 
Beukesfontein 

| Berg River Mouth ........ 
Biesjespoort ............++ 

| Blaauwbosch ............... | 

Blaauwpoort 


ee 


| 
| 
| 
| 


wo bo 
bo bo o 
Or 
bo 
ao 


bo 


o 


or 
to = 


_ 


to 
or 

AACE 


to 


Boschrand 

Brak Rivier 

Bredasdorp 
Britstown 

| Bruwer’s Farm ... 


wow 
Oaow 


Buchholzbrunn 
Buckwheat 

Bulshoek 

Bushmanskop 

Cape Town (Royal Obs.) 
Ceres 

Ceres Road 

Connan’s Farm.... 
Dabai Gabis ... 
Dabenoris 


oo 


AS 


a 


Dickdoorn 

Downes 

Draghoender 

Drooge Grond 


w 


? «©Qn Magnetic Work in Southern and Central Africa,’’ 1908-1909, by J. C. Beattie and 


. T. Morrison. ; 
2 «« Further Magnetic Observations in South Africa.” by J. C. Beattie. 


3 ‘* Report of a Magnetic Survey of South Africa,’’ by J. C. Beattie. 


59 
| zon 
No. | Intenaity 
(H). 
13 | | 18345 
Qt | 18592 
3? | 59 01-1 *18202 
4 | 58 0 | -18328 
| 58 4 | *18219 
63 | Asl 60 1 | +17678 
7 591 18061 
8" | 57 3% | *18627 
gt 55 1 | *19403 
103 | 59 1 | 18463 
113 60 20 | *17745 
12 *19050 
133 | *17812 
14? °17854 
153 | *18000 
163 *17989 4 
173 | 18061 
18? | *18137 
19? *19025 
203 59 *18396 
21! 58 *18217 
223 60 17577 ts 
233 58 | -18095 
24? 49 | 20564 
253 59 *17661 
26? 58 *18985 
58 -18001 
28" | 55 “19488 
297 | 57 *19080 
30° | 59 -18014 
313 | 60 17797 
323 | 59 ‘17805 
| 59 *17846 
34' | 59 *17896 
353 | 56 *19166 
36" | 57 ‘18867 ; 
57 *18638 
383 | Dambiesfontein ............ | 59 17921 
44' ‘ 55 *19509 
45? | 58 *18698 
46° | 59 ‘18110 
| *18114 
48° | 59 *17959 
493 | 58 “18287 
503 60 17673 
51? | 3 58 *18338 
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Summary oF Resutts—(continued). 


Station Name. Latitude. | Longitude. a one Dip (4). 


Intensity 
(HD. 


| Eendekuil 32°41'-2S8. 18°52’ E. | 27°28'°6 W. | 59°12’-78. | -17963 
| Eenriet 11-1 "18696 
3 3° *19061 
08-0 *18822 
Flatlands *18579 
Fraserburg 31 55°2 *17855 
Fraserburg Road 46-0 *17769 
Gabis 08°5 *18909 
Gansfontein 43°6 17923 
29°4 *19382 
36°4 *19485 
01:8 “19030 
22°8 *17891 
"18829 
*19640 
-23140 
17819 
*19265 
*17683 
*18245 
*18514 
17554 
*18402 
*18689 
*18890 
*18772 
19735 
18666 
*18699 
*18734 
*17708 
17851 
"18046 
| +17968 
*18314 
“17995 
*19087 
*18172 
17913 
18071 
17697 
*17840 
*17902 
“19124 
*18187 
*18088 
*18094 
“18017 
*17573 
*19357 


on 
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Gordon’s Bay 
Grauwater 

Grootfontein B. ............ 
Grootfontein C. ............ 
Groot Riet 

Groot Rozynbosch 
Griindorn 


a 


Harrisburg 
Hartebeestfontein 
Henkriesfontein 

| Hermanus 


Hex River 

Hoetjes Bay 

Holoog 

| Honey Nest Kloof......... 


Cr bo 


bo bo 
oo 


bo 
or 
w 


bo 

AGA 

WwW HH 


Hutchinson 
Kadebis 


an 


Bes | 


1013 
102? 


DON 


* Qn Magnetic Work in Southern and Central Africa,” 1908-1909, by J. C. Beattie and 
J. T. Morrison. 

2 «Further Magnetic Observations in South Africa,” by J. C. Beattie. 

3 ‘Report of a Magnetic Survey of South Africa,”’ by J. C. Beattie. 


| 60 
No. 
| | | Hori- 
| zontal 
§2' 
53° 
54? 
553 
56? 
57? 
583 
593 
60! 
61' 
62° 
63' 
64' 
65° 
66° 
67' 
683 
69 
70" 
713 
Lad 
73° 
74° 
76' 
77 
78° 
79° 
80? 
81° 
82? 
833 
843 
853 
863 
87° 
88" 
903 
913 
92? 
933 
943 
95? 
96? 
97' 
98? 
99! 
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Summary oF Resutts—(continued). 


| Hori- 
zontal 
| Intensity 


| (H) 
Keetmanshoop | 26°34"-78. | 18904’ E. | 24°53':1 W. | | *19308 
Kenhardt | 29 18-0 2 25 45°3 58°43""9S. -+18467 
i 45 32-2 56 52° | +18947 

24 22°3 57 55° | *18828 
Kimberley *18179 
Klerksdorp 22 45-4 *18509 
Kliparani 19122 
Klipfontein *17905 
18656 
Koppeskraal "18258 
Korrobib "19456 
“19004 
*18243 
17712 
19441 
19450 

| *18625 
*18573 
“19493 

| *18357 
17527 
17531 
17565 
17846 
18219 
“18075 
“18283 
17884 
*18887 
| +18295 
*18150 
19088 
“18989 
‘17799 
18750 
18971 
*19193 
19208 
17607 
18968 
‘17785 
“18020 

| *17827 
17971 
*18387 
17598 
“18586 
18124 
17338 
18609 
*18696 


| 
Station Name. Longitude. — | Dip (6). 


bo bo 
tote 


Kye Charp River 
Laat Rivier 
Ladismith C.P. ............ | 
Laingsburg 
Leeuwenfontein 
Leeuw Kolk 

Levves Kolk 
Letjesbosch 
Lichtenburg ............ 
Loeriesfontein 

Louw Zyn Kolk.... 
Magaliesburg 


gaze 
OS 


on 
3s 
ob 
to 


Markson’s Hotel 
Marokwen 
Matjesfontein 
Meintjes’s Farm 
Merriman 
Middlepost 
Miller’s Point 
Modderfontein 
Modder River 
Murraysburg 
Namies 
Nanibies 
Nelspoort 
Nieuwefontein 


SS3s 
Orbs & 


De 


S 


| 
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* «(Qn Magnetic Work in Southern and Central Africa,” 1908-1909, by J. C. Beattie and 
J. T. Morrison. 

2 «‘ Further Magnetic Observations in South Africa,” by J. C. Beattie. 

3 ‘Report of a Magnetic Survey of South Africa,’’ by J. C. Beattie. 


uu 
nw 


61 
No. | 
103" 
104? 
105' 
106? | 
1073 | 
1083 | 
109? 
1103 
111: 
112' 
113° 
114 | 
1153 | 
1163 
| 
| 
119? | 34 
120° | 
121° | 
1223 
1233 
1243 
1253 
126 
127? 
128" 
1297 
1303 
131? 4 
133? 
134? 
135? 
1363 
137? 
1383 
139? 
140? 
141? 
142? ° 
1433 
1443 
1453 
146° 
147' 
1487 
149? 
150? 
1513 
152" 
153' 
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Summary oF Resutts—(continued). 


Hori- 


Declination zontal 
(D). Dip. (0). Intensity 


Station Name. Latitude. Longitude. | 


154' | Oorlogskloof ............... | 31°30'°98. 27°19'°2 W. | 59°09':0S. | *18050 
155‘ | Orange River 29 38-0 | 24 36°2 59 41-2 ‘18138 
156? Ottoshoop 22 05° | 57 19076 
1573 | Oudemuur "18114 
158' | Ougrabies "18539 


1593 Paardevlei 18152 
1603 17889 


18026 
162? -18600 
1633 | Piquetberg | *17902 
164' Plaatklip | *18300 
165? Pofadder | 18471 
1663 Potfontein 17981 
| Port Nolloth *18749 
1683 | Prince Albert 

1693 Prince Albert Road 

170? Quaggafontein 

| Rahman’s Drift 

1723 | Rateldraai 

1733 | Rateldrift 

174? | Richmond C.P. ............ 
175' | Rietfontein 

1763 | Rietpoort 

1773 | Rifle Range, Simonstown 
1783 | Rivierplaats 

179' | Rivierplaats 

1803 | Roadside 

1813 | Robertson 

182? | Roodekloof 

1833 | Roodepoort 

1843 
1853 
1863 
187" 
188? | Rumsey’s Farm 
189? | Rustenburg 
190? | Rystkuil 

191: | 
192? | Sandverhaar 

1933 | Schietfontein 

194? | Schulenburg 

195' | Schuurkraal 

196" | Seeheim 

197: | Sesskameelboom 

198: | Shakals Kuppe ............ 
1993 | Signal Hill 

2003 | Sir Lowry Pass ............ 
201' | Spitzkop 

2023 Stanford 

2033 Steenkampspoort ......... 
2043 | Stellenbosch 
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ork 


| 17537 
‘17833 
“18572 
‘18759 
-18004 
‘17609 
“18180 
“18089 
‘17819 
.18021 
.18311 
.18299 
.17691 
| 19035 
.18098 
-18221 
‘18019 
17840 
“19676 
“19240 
-19038 
‘17772 
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*19222 
17881 
18834 
18027 
*19179 
19723 
*19407 
17830 
“17698 
“19361 
*17692 
17900 
“17774 
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* «*On Magnetic Work in Southern and Central Africa,” 1908-1909, by J. C. Beattie and 
J. T. Morrison. 

2 « Further Magnetic Observations in South Africa,” by J. C. Beattie. 

3 ** Report of a Magnetic Survey of South Africa,”’ by J. C. Beattie. 


No. 
qd 


True Isogonics. 


Summary or Resutts—(continued). 


ad 


2333 | Zeekoegat 
235? | Zonder Huis ............... 
237? | Zoutpansdrift............... | 
2383 | Zuurbraak .................. 
2393 | Zuurfontein ............... | 
241? | 
243" | J.C.B. 26 

247" | J.C.B. 48 

249' | J.C.B. 53 

250° | J.C.B. 54 

251' | J.C.B. 62 

252' | J.C.B. 73 

253' | J.C.B. 79 


bo 
© bw 
woo 


30 4 
30 3 


bo 
© 


CO 


no 


tb 
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No. Station Name. Latitude. | Longitude. — 
i= 
205" | Stompiesfontein............ 32°13'°5 S. | 19°41'E. | 27°13'-4 W. 
2063 | Strandfontein............... 34 05-3 18 34 | 28 04-0 
2073 | Sutherland .................. 32 25°0 20 39 | 26 541 
2083 | Swellendam 34 02°0 20 27 | 27 39°7 
2097 | Swanswani.................. | 27 46°6 23 50 | 23 44-2 
27 34'8 24 45 23 13°0 
2113 | Touws River ............... 33 21:0 20 03 | 28 08-2 
27 28°4 18 00 | 25 18°8 
2i3* | Techaukaib..............0... 26 34°5 15 37 25 20°2 
2143 | Tulbagh Road ............ 33 19°3 19 10 | 27 446 
2153 | Uitspan Farm............... 31 41:2 21 27 | 27 01°2 
2163 | 28 27-7 2115 26 22-2 
| 26 05°6 18 30 | 24 49°1 
218: | Van Rhynsdorp ............ 31 29°7 18 44 | 27 25°8 
2193 | Van Wyk’s Farm ......... 33 49°4 21 12 | 27 32°3 
220? | Van Wyk's Vlei............ 30 22°3 21 50 | 26 19°4 
2213 | Villiersdorp.................. | 33 59°5 19 19 | 27 48°7 
| 26 57°71 24 43 | 22 06°3 
2233 | Warrenton .................. | 28 06°9 | 24 §2 | 24 02°5 
27 23°7 23 40 | 23 32-7 
225 | Willem’s Rivier............ | 31 20°6 19 06 27 09°9 
ot 31 20°4 20 55 | 26 02°1 
31 44:4 18 38 27 19°7 


to 
or 


Dip. (4). 


59 51°8 


Hori- 
zontal 
Intensity 
(BH). 


18105 


18078 
17651 
*18512 
"18432 
"17684 
“19028 
*19431 
17863 
17722 
18748 
“19400 
18172 


J. T. Morrison. 


2 «Further Magnetic Observations in South Africa,’’ by J. C. Beattie. 
3 * Report of a Magnetic Survey of South Africa,’’ by J. C. Beattie. 


* «On Magnetic Work in Southern and Central Africa,” 1908-1909, by J. C. Beattie and 


63 
| | 
— 
| 59°21'-78, | 
= 
59 552 | 
60 305 
58 34-4 
58 53-7 
60103 
|56271 
[55 02-7 | 
| 59 43-2 
| 60122 | 
| 58083 | 
| 55 51-0 
| 58 57-0 
60 42-9 ‘17578 
| 59 23-7 “18005 
| 60 08-3 ‘17701 
| 58 ‘18783 
| 59 21:9 -18360 
| 58 “18779 
| 59 01:5 ‘18000 
| 59 40-7 18016 
58 ‘18151 
60 03-7 18585 
18 49 26 20-4 57 41-7 “18676 
2303 | Zak Rivier | | 2031 | 26 23-1 58 550 “18272 
_ 119 43 25 43-2 58 04-0 18575 
49 26 2-1 59 00°6 18153 
2231 =| 27 14:3 61 17-2 ‘17189 
| 25 59 57-1 57 52:1 18999 
20 54 26 00-6 58 42°6 ‘18283 
2413 | 23 “18889 
19 43 27 46-3 60 04-0 
20 39 27 37°6 60 36-4 ‘17635 
18 35 =| 27 30°1 59 22-4 ‘17988 
24 08 26 15°5 60 54:5 ‘17606 
19 39 58 138 ‘18519 
17 11 26 29-4 57 19°7 ‘18718 
1912 26 29°8 58 43°5 ‘18347 
1851 =| 26 326 ‘18286 
18 28 47°8 58 11-9 18393 
1819 | 2%6 — — 
1825 | 58 33-0 18423 
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NOTE ON SPODUMENE FROM NAMAQUALAND. 
By G. C. Scunuty, M.A., and A. R. E. Waukesr, A.R.C.Sc., B.Sc. 
(Received and Read August 20, 1913.) 


The chief object of this note is to record the occurrence in Namaqua- 
land of a lithia-bearing mineral whose optical and other physical properties 
enable us with considerable confidence to refer to the species Spodwmene. 

Spodumene is a lithium aluminium silicate whose chemical formula is 
given as Li,O. Al,O, . 4Si0,. 

This note is intended to serve as an introduction to a later paper in 
which we hope to supplement the description here given and also to deal 
with several of the other minerals which we have found in association 
with it. 

We collected the material described below in a prospecting pit near 
Jackals Water, about twenty-seven miles distant, in a northerly direction, 
from Steinkopf. 

It occurs in extremely coarse pegmatite (intrusive in gneiss) chiefly in 
the form of large prismatic crystals, many of which are from 3’ to 4’ in 
length and from 6” to 1' in width; also asveins. At, and near the surface, 
it is much altered to a white powder. 

The principal minerals of the pegmatite are milky quartz, microcline 
and muscovite mica, but, in addition to these—and closely associated with 
the Spodwmene—there are greyish and somewhat smoky quartz (fre- 
quently graphitically intergrown with felspar), lithia mica, petalite (?), 
tantalite, and a pale brown garnet. Bismuth ochre is disseminated 
throughout. 

Three differently coloured varieties of Spodumene occur, viz., greyish 
white, pale amethyst, and pale green ; beyond these differences in colour 
there are no noticeable variations either in physical or chemical properties. 
All three possess a degree of hardness equal to that of quartz. 

The results of a large number of determinations of the specific gravity 
vary from 3°16 to 3°18, these variations being attributed to slight differences 
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in degrees of freshness in the pieces determined ; the freshest and least 
cracked specimen gave the value 3:18. 

There are three directions along which the mineral may readily be 
cleaved ; two of these are extremely good cleavages and have proved to be 
parallel to the faces of the unit monoclinic prism ; the third, which is not 
quite so perfect, is orthopinacoidal. The prism angles—as nearly as one 
can determine them from cleavage fragments with a simple contact 
goniometer—are 93° and 87°. Experiments carried out on a small cleavage 
fragment by means of a reflecting goniometer, gave a mean value of the 
principal prism angle, 110A 110, of 93° 9’; the orthopinacoidal cleavage 
face symmetrically cuts across the solid angle between these two prism 
faces. 

Thick sections of the mineral are only slightly pleochroic. Ortho- 
pinacoidal sections extinguish parallel to the traces of the prismatic 
cleavage, whilst other sections extinguish obliquely with regard to the 
same direction. 


From a clinopinacoidal section (ac (given by the traces of the 


prismatic cleavage) was determined to be 26° 40’; this very closely 
approximates to the value of Br,aC given by Dana.* 


CoMPARISON OF OBSERVATIONS WITH Dana's Data. 


Dana's Data for Spodumene. 


Namaqualand Material. 


3°13-3-20 


G: 3:16-3:18 


6°5-7 
Prismatic cleavage angle: 93° 9’ 93° 0' 


Pleochroism : slight Distinct in sections of dark green varieties 


Extinction angle : UA C = 26° 40’ Brg AC = + 26° 
or = +26° 
Refractive indices : v 


Naa = 1°651 Naa = 1651 
Naf = 1-670 Na = 1-669 
Nay = 1-679 Na y = 1-677 


Chemical tests : Chemical formula : 
Proved presence of Li and of SiO. Li,0 . Al,O,. 4Si0, 


The mean refractive index as determined on a Herbert Smith refracto- 
meter was 1°66; the scale was not sufficiently large nor was the shadow 
sufficiently well defined to determine the refractive indices for the principal 


* « A System of Mineralogy,” Dana. 6th Ed. 
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light vibration directions. Experiments carried out on a highly polished 
orthopinacoidal surface by means of the Abbé refractometer gave values 
for 8 and y of 1670 and 1679 respectively. From a clinopinacoidal 
surface the value a = 1°651 was obtained. 

For the above determinations sodium light was used; the temperature 
was 22° C, 

All three varieties give a marked lithium flame reaction. Under the 
blowpipe they become white and opaque, swell and eventually fuse; in 
the microcosmic salt bead they give the reaction for SiO,. 

One of us (G. C.S.) has undertaken to make quantitative chemical 
analyses of the different varieties, the results of which will be published 
in a later paper. 
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NOTE ON THE ENTOMOPHILOUS NATURE OF 
ENCEPHALARTOS. 


By R. Martoru. 
(Received and Read September 17, 1913.) 


The recently published part of the Transactions of the Society 
(vol. iii., p. 259) contains a paper by Dr. G. Rattray entitled ‘‘ Note on the 
Pollination of some South African Cycads.”’ From observations carried 
out for a number of years Dr. Rattray has come to the conclusion that 
the cones of both sexes of Encephalartos Altensteinii and E. viliosus are 
visited by a certain weevil, and that consequently the pollination of these 
species depends upon the presence of this insect. The insect is referred 
to as a curculionid beetle of the genus Philoeophagus, but the description 
of the insect shows that it does not belong to the genus Phloeophagus, 
nor even to that tribe (Cossininae) of the Curculionidae, but that it is 
Antlarrhinus zamiae, a beetle collected for the first time by Thunberg in the 
year 1773 from the seeds of H. caffer. Various other collectors have 
from time to time observed this beetle in the seeds of several species of 
Encephalartos, and also Rattray states: ‘‘ Long before I was aware that 
Phloeophagus (should read Antliarrhinus) visited the staminate cones of 
E. Altensteinii I knew that it was hardly possible to find a mature ovulate 
cone in which a large percentage of the ovules were not parasitized by the 
same insect.” And in another passage he states: “The most abundant 
species (of beetles) has a much-depressed body of dark, shining brown 
colour, and the female is furnished with a long rostrum.” 

As long as the insect observed in such numbers on the pollinating 
cones of H. Altensteinii and E. villosus was looked upon as a member of 
the fairly large and widely distributed genus Phloephagus, the almost 
regular occurrence of the Antliarrhinus (a member of a small isolated tribe 
that occurs, as far as known, only in eastern Cape Colony) within the 
seeds of these plants, had to be considered merely as a pest. Now, on 
the other hand, it is obvious that the Antliarrhinus is the chief agent for 
the transport of the pollen, and although it destroys a large number 
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of the seeds of these plants it enables the others to become fertile, which 
would not be possible without its aid. 

The case is quite parallel to that of the Yucca moth (Pronuba), which, 
while depositing its eggs into the pistil, effects the pollination of the 
flower, and although a number of seeds are destroyed by the grubs of the 
moth, without such visits no seeds are formed at all. 

Rattray states: “From June onwards one finds a proportion of the 
seeds (80 %-100 %) parasitized by the grub of the same species of 
Phloeophagus”’ (i.e., Antliarrhinus.) ‘The adult insect works its way 
out of the seed at a time when the cones begin to disintegrate.” (This is, 
as far as my information goes, about December to January.) ‘ The adult 
insect can live for three months without food and only a limited amount 
of air, but where or how this period is spent is uncertain.” 

This uncertainty, however, is now removed. Mr. Mally has informed 
me that he and Mr. Tidmarsh have observed the Antliarrhinus under the 
bark of trees in the Botanic Garden at Grahamstown, where a considerable 
number of plants of H. Altensteinii as well as EH. villosus are growing. 
The beetles obviously pass the summer in a dormant state, and when the 
odour of the pollinating cones reaches them they congregate on the 
¢ cones for feeding and pairing. 


SuMMARY. 


The presence of Antliarrhinus zamiae in the seeds of Encephalartos 
caffer is recorded for the first time by Thunberg (1773). 

J. F. Drége, as well as Ecklon and Zeyher, collected the same beetle 
from the seeds of several species of Encephalartos, and also two species 
of Phloeophagus on the g cones of EF. caffer. 

Miss A. Pegler collected Phloeophagus hispidus on the g cones 
of E. villosus, and Professor H. H. W. Pearson* thought it not unlikely 
that this insect may be cdéncerned in the transport of the pollen from 
the g cone tothe ? cones. It has, however, not been found as yet on 
a @ plant. 

Miss Pegler later on sent us some parcels of insects, among them two 
other weevils, viz., Derelomus languidus and D. postfaciatus, together with 
several other insects that had been found on both the g and 2? cones. 

Rattray found the Antliarrhinus zamiae, called by him Phloeophagus, on 
both the g and @ cones of EH. Altensteinit and EH. villosus at a time 
when the pollen was being shed, thereby establishing the fact that this 
insect is the principal agent for the transport of the pollen to the 


cones. 


* Trans. S.A. Phil. Soc., vol. xvi., 348, 1906. 
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Rattray also thinks it possible, as was suggested to us many years ago 
by Dr. L. Péringuey, that the long rostrum of the female Antliarrhinus 
appears to be a special adaptation to enable the insect, when depositing 
its eggs into the ovules of the Encephalartos, to locate them properly. 
(The ovules are at that time about an inch long and nearly 3 inch in 
diameter.) 

The adult insect escapes from the seeds when the cones disintegrate 
(December—January) and hides under the bark of trees during the summer 
until the flowering time of Encephalartos arrives. (Not the same plants 
from which the insect came, for the trees flower only every alternate 
year or at longer intervals.) 

When the odour of the flowering ¢ cones of Encephalartos reaches 
the insects they congregate there in numbers, and the females afterwards 
find their way into the interior of the ? cones, where they move about 
freely between the scales, thus pollinating the ovules. For this service 
the plant pays a high price, for the ovules into which eggs have been 
deposited by the beetles are destroyed by the growing grubs, and only 
those that escape infection (sometimes none) ripen into perfect seeds. 
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ON THE ELECTRICAL CHANGES IN THE HEART. 


From the Physiological Laboratory of the South African College. 


(Preliminary Note.) 
By W. A. Jotuy, D.Sc., Professor of Physiology. 
(Received August 25, 1913. Read September 17, 1913.) 


The interpretation of the electrocardiogram has remained doubtful, 
notwithstanding the very large amount of work that has been devoted 
to it in recent years, and very divergent views are entertained as to the 
significance of the features of the curve without conclusive evidence having 
been adduced. 

Since the electrocardiogram is now the most valuable means at the 
disposal of medical men for the diagnosis of heart conditions, it is of 
the utmost importance that the curves should be rightly interpreted. 

The following is the explanation which I have arrived at from experi- 
ments on the isolated tortoise heart, and especially from cases of systolic 
alternation in auricles and ventricle. 

The electrocardiogram of the ventricle when electrodes are applied 
(1) to base and apex, and (2) to symmetrical points on the right and 
left edges of the ventricle, and the connections made with the string 
galvanometer, as in Einthoven’s work, represents the algebraic sum of 
two diphasic variations. 

In the case of base and apex leads the one variation is due to the trans- 
mission of excitation from the point between the leading off electrodes 
at which the stimulus reaches the ventricular muscle to the base of the 
ventricle. It consists of two phases, the first a brief positive deflection 
downwards and return to the zero line, the second a deflection upwards 
of much longer duration than the first phase, and exhibiting in its course 
a decline, subsequent slight rise, and ultimate fall to the zero line. 

The other diphasic variation is due to transmission of excitation from 
the point of entrance of the stimulus to the apex of the ventricle. Its 
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phases are similar but oppositely directed to those of the variation 
previously described, that is to say the first (positive) phase is upward 
and the second downward. 

When the electrodes from base and apex are transferred to the right 
and left edges of the ventricle respectively, the one variation indicates 
transmission of excitation to the right, the other to the left. 

The details of the curve compounded of the two variations depend 
on the position of entrance of the stimulus relative to the position of 
the leads and to the rate of propagation from it to the respective 
leads. 

The following experiment gives a part of the evidence on which this 
view is based, 


4 
a. 
\ 


A tortoise was killed, and the ventricle isolated and preserved for an 
hour in Ringer’s solution. Non-polarizable electrodes were applied to 
the right and left edges of the quiescent ventricle and a point on the 
dorsal surface between the Jeads excited by break induction shocks. 
After a time the electrical responses were found to be alternating, the two 
forms a and b following each other as in figure. Response a represents 
one diphasic variation produced by propagation of excitation from the 
point of stimulation to the right, and in this case transmission of excitation 
has not, for some reason, taken place towards the left side of the ventricle. 
Response 6 represents both diphasic variations summed, and in this case 
excitation has been propagated both to right and left. If curve a is 
subtracted from curve } the ordinate difference c gives the form of 
the other diphasic variation representing propagation of excitation to 
the left. 


. 
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ON THE DAILY RANGE OF THE ATMOSPHERIC POTENTIAL 
GRADIENT AT BLOEMFONTEIN, AND THE INFLUENCE 
OF DUST-STORMS. 


By W. A. Dovatas Rupar, M.A. 


It has long been known that a strong electrostatic field surrounds the 
earth, and many theories have been advanced to account for the presence 
of the electric charge. In fine weather the charge present in the atmo- 
spheric layer is positive, and there seems to be a constant current of 
positive ions moving towards the earth. According to one theory the 
earth itself behaves as though it were a negatively charged sphere and 
the potential gradient in the atmosphere surrounding it is due to a stream 
of positive ions being drawn towards it by the electrostatic attraction. If 
this is the case there’ must be some means by which the negative charge 
can be maintained, or else it would tend to become smaller and finally 
would be reduced to zero. That the atmosphere itself is strongly ionized 
admits of no doubt; and if one set of ions were brought down to the 
earth more readily than the others, then of course the charge on the 
earth might be maintained. The experiments of C. T. R. Wilson 
and others have shown that the negatively charged ions are more 
readily removed from a mixture of ions, by condensation of moisture, than 
is the case with the positive ions, and thus a constant field might be 
established between the earth and the atmospheric layer surrounding it, 
provided the ionization could be maintained. During rain, hail, and snow 
storms charged masses of water are continuously rained upon the earth, 
and any charges the particles possess are naturally given up to it. The 
experiments of Simpson show, however, that whilst the amount of posi- 
tive electricity brought down by rain was 32 times that of the negative, 
the amount of negative brought down by snow was 3°6 that of the posi- 
tive, so that on the whole it appears possible that the annual gain of 
electrification of the earth from this source might be zero. Observations 
taken in the Orange Free State during the past three years have, however, 
shown that rain charged with negative electricity only has fallen. The 
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observations were not taken with the object of elucidating this point, but 
the fact remains as stated, and this was the case whether the rainfall was 
heavy or light. The author has shown* that in hot, dry weather the 
surface of the ground in the Orange Free State is apparently charged with 
positive electricity. The real origin of the fine-weather potential gradient 
must be considered as not definitely known at present. 

Method of determining the Potential Gradient.—If an _ insulated 
conductor is placed in an electrostatic field, it has a tendency to take 
the potential of that portion of the field in which it is placed, but of 
course no permanent charge can be obtained by it unless either 
positive or negative electricity can escape from it. To facilitate this 
escape several methods are employed, such as attaching a burning 
candle or a piece of smouldering tinder to the conductor, or by means of 
a stream of water falling from a fine jet, or, most convenient of all, by 
coating the conductor with a radio-active preparation. In the latter case 
the conductor may be made small, and also may be moved quickly from 
one point to another in the field. In order to measure the potential 
gradient, the ‘collector’? must be placed at a definite distance above 
the ground, because the actual potential observed depends upon the 
height at which the collector is fixed, but, within certain limits, Pp¥a=#" 
is a constant quantity over a short interval of time, and the 
fraction, when the potential is measured in volts and the height in 
metres, is usually called the potential gradient. In order to measure 
the potential, the coliector is connected to some form of electrometer of 
which the gold-leaf electroscope, with a reading microscope, is undoubtedly 
the most convenient if the instrument is not to be self-recording; but if 
a permanent record is required, then some form of quadrant electrometer 
is usually employed. 

The instrument in the present work is a form of the Kelvin instrument 
as modified by Benndorf, and supplied by Castagna of Vienna. It consists 
essentially of a quadrant electrometer, to the needle of which a long 
pointer is attached. The pointer moves over a band of paper, and at 
every minute or half-minute it is pressed into contact with the paper, 
a piece of thin “carbon” tissue coming in between so that a mark 
is impressed upon the paper band. The band is carried over by clock- 
work, which runs for eight days without rewinding. A three months’ 
record can be taken on one roll of paper. The record thus appears as 
a series of dots at minute or half-minute intervals, and by connecting 
these dots a daily curve can be readily traced. There is a length of 
96:4 cm. for each day’s record, so that it may easily be measured up. 

In using the instrument, one pair of quadrants is put to earth, the 
other pair joined to the collector, and the needle kept at a fixed potential 

* Phil. Mag., May, 1912. 
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by means of a battery of small Leclanche cells. The E.M.F. of the battery 
was tested by a voltmeter from time to time, the number of cells in use 
being varied so as to keep the potential constant. 

The instrument was placed in a small house built at some distance 
(380 yards) from other buildings and trees. A hole in the wall permitted 
a well-insulated rod, to which the radium collector was attached, to project 
about 1 metre away from the wall. The collector was a plate of brass, 
coated with a thin layer of an impure radium barium bromide, containing 
not more than 1 per cent. of radium. The radium salt was protected by 
a layer of shellac varnish. This disc was covered by a conical cap of 
thin copper to prevent rain falling directly upon it; during the time the 
experiments lasted it preserved unimpaired its efficiency, as shown by 
testing the intensity of the and y radiation. The presence of the 
building considerably disturbed the normal potential gradient, but a 
correcting factor was readily found by taking other observations at some 
distance from the building, using a fine wire stretched from insulators 
attached to two vertical poles. This factor was 3, and this number 
has been used in reducing the results. The height of the collector 
above the ground was 2 metres. 

The observations were started on July 10th, and continued daily until 
December 30th. This period turned out to be a rather unfortunate one 
on account of the abnormal weather, and as a record of the normal 
variations in the potential gradient is not of much use, but as a means 
of throwing light on the cause of the variations of the potential gradient 
it is of some considerable importance. The results for each hour are 
given in the table, and in some cases of particular interest the record 
itself is reproduced. The normal course of the variations in the potential 
gradient seems to be of much the same type in all parts of the world— 
that is, there are two periods of maximum potential during the day; these 
are followed by two long periods when the potential is low and fairly 
uniform ; but circumstances may arise which cause this course to be 
deviated from considerably. The record for August 8th is a fairly normal 
one. The maxima occurred at 7.30 a.m. and at 7 p.m., with the minimum 
at 1 to 2 a.m.; the curve 1 shows the record. From July 10th to August 
lst the curves obtained are generally of the above character, but with 
rather smaller maxima than had been observed in previous years. The 
days were fairly clear, and it has been shown * that haze, which usually 
occurs during the winter months, is accompanied by considerable rise in 
the potential. In a Scotch mist, as long as the insulation held, the charge 
was generally too large to measure. 

It does not appear profitable to analyse the results or to discuss them 
with the idea of deducing any mean daily value of the potential, as is 

* South African Journal of Science, March, 1912. 
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done at Kew and other observatories, for the irregular variations caused 
by the dust would make it impossible to do this with advantage. I must 
therefore merely put the observations on record as a means of showing 
what a strong influence dust can exert locally on the electrification of the 
atmosphere. 


THe TABLE. 


The table gives the record of observations, showing the value of the 
potential gradient at the end of each hour. The maximum gradient is not 
necessarily shown, as of course it may occur between the hours, and in 
that case it would be found by reference to the curve. The numbers given 
are usually for the positive potential gradient in volts per metre for open 
space, but those numbers to which an asterisk is affixed denote that the 
potential gradient is negative. If a blank space occurs in the table, it 
indicates in most cases that a dust-storm is blowing and that the charge is 
negative and too great to be indicated by the instrument. The maximum 
values recorded for the positive gradient during the period under observa- 
tion do not exceed 330 volts per metre. The comparative lowness of 
these results as compared with those for places nearer the coast may be 
accounted for by the fact that Bloemfontein is 4,500 feet above sea-level ; 
and the author has shown* that the potential gradient varies inversely 
as the height of the observing station above sea-level. Higher results 
have, however, been observed at other times of the year. The much higher 
values of the negative gradient have been approximately determined in an 
indirect way. 

During strong dust-storms sparks have been seen to pass between 
insulated and earth-connected conductors, and by finding the maximum 
length of spark attained a rough approximation to the difference of 
potential between the two conductors may be made. A piece of apparatus 
was constructed which during the passage of a strong dust-storm acted as 
a very efficient electrical machine, and was capable of giving sparks 
between its terminal up to 1:5 em. in length. It consisted of two con- 
ductors : one coated with a radium preparation to take the potential of the 
air, and another hollow conductor arranged near the ground to catch the 
dust—it might even be resting on the ground. A brass sphere about 4 cm. 
diameter served for the aerial collector, and an empty paraffin tin with the 
bottom covered with fine wire gauze for the other. Wires from these 
were carried to a couple of insulated spheres to act as a discharger (see 
Fig.). When this apparatus was set up on the open veldt, a torrent of 
sparks passed between the discharging spheres when a dust-storm was 
blowing, and by measuring the length of the spark a fair estimate of the 
difference of potential could be obtained. If the spark was of a length of 


* Trans. Roy. Soc. South Africa, Part II., 1912. 
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1 cm., a difference of potential of about 30,000 volts must exist between 
the balls, and if the height of the aerial collector above the ground was 
2 metres, this would give a potential gradient of 15,000 volts per metre 
approximately. Thisis by no means the maximum value, for on occasions 
I have seen sparks over 2 cm. passing between the dischargers. 


Dust-storM ELECTRICAL MACHINE. 


R. Radium-coated sphere. 
S. Spark-gap. 
T. Paraffin tin, 45 x 25 x 25 cm. 


Tue CuRVEsS. 


The instrument was arranged to make a record of the potential at 
minute or half-minute intervals, and, in addition, to make marks at the 
end of each hour at the edge of the band of paper. The curves given 
have been made by connecting all the points by a thick ink line, and are 
therefore slightly smoothed, but not to such an extent as to change their 
character. The selected curves are typical of the rest. 

(1), (2), and (3) are fine-weather curves, 7.e., days on which no dust was 
blowing. Wind, unaccompanied by dust, has practically no influence. 
(4), (5), and (6) are curves taken on days when some dust was blowing, 
but not in sufficient quantity to destroy completely the positive charge 
present in the air. (7), (8, and (9) are for very dusty days. It will be 
seen here that the dust usually occurs between the hours of 8 a.m, and 
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6 p.m. This gives the usual range of time for a dust-storm in this country 
but during the past year they frequently went on during the night. (10) 
is for December 22nd. (11) for December 5th records rain, but no 
dust. (12) for December 15th records the passage of two short storms. 
That at 4 p.m. was of short duration, but the positive potential was 
reduced some time before the dust reached the observatory, and the 
negative value remained high for some time after the storm had passed 
and the air had become clear. It may be noted also that there was a 
very rapid rise in the positive potential before the coming of the storm. 
The time of passage of the dust over the observatory was not more than 
three minutes, but the negative charges persisted afterwards for 40 
minutes. This persistence has often been observed, but a negative charge 
has never been registered unless the dust has been near enough to 
be visible. 


SUMMARY. 


(1) Observation taken on the daily range of the atmospheric potential 
gradient on the high veldt,* show that considerable variations may occur 
as a consequence of the presence of dust in the atmosphere. 

(2) The effect of the siliceous dust of South Africa is to lower the 
normal positive gradient, and if present in sufficient amount to reverse it. 

(3) Wind unaccompanied by dust has very little influence on the 
normal charge in the atmosphere. 

(4) The rain which fell during the period under observation was 
invariably charged negatively. 

My grateful thanks are due to The Royal Society of South Africa for 
providing the funds by means of which the apparatus for taking these 
observations was purchased. 


* This is true also for other places in South Africa where the matter was tested. 
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A CONTRIBUTION TO OUR KNOWLEDGE OF THE 
ANATOMY OF CHAMAELEONS. 


By A. Meruven, M.A. (Oxon), and Hewrrt, B.A. (Cantab). 
(Received August 24, 1913. Read September 17th). 


INTRODUCTION. 


In this paper we record the results of some investigations which com- 
menced with the examination of the lungs of the various species of 
Chamaeleon found in South Africa, but which eventually led to an attempt 
to determine the morphological position of the various forms in general. 

The preliminary examination of one character alone furnished data 
which induced us to make a critical survey of various structural char- 
acters ; and it soon became apparent that the group which included the 
viviparous C.pumilus and its allies was in several respects more 
generalized than the group of oviparous Chamaeleons, namely, C. dilepis 
and allies, but that to what extent these two groups might be sharply 
separated and how far the simplicity of structure in the pumilus sec- 
tion might be primitive or secondary could only be ascertained by an 
examination of all the main types of the family. A survey as comprehen- 
sive as this has not been possible, but sufficient material from Madagascar 
(as recorded in Ann. Trans. Mus., vol. iii., 1913, p. 190) and from South 
Africa has been available to enable us to place the more important groups 
of the family in their respective positions with regard to structure, and to 
point out the primitive forms with fair degree of probability. 

This account is therefore not intended to deal exhaustively with any 
morphological character herein considered, but merely to compare the 
several structures concerned as they are found in the various species. 


Tue Lunas. 


The peculiar features of the lungs of the common Chamaeleon 
(C. vulgaris) have often been figured and briefly described in the various 
text-books of comparative anatomy ; but as was pointed out long ago by 
Cuvier, and recently emphasized by Mr. F. E. Beddard (P.Z.S. 1907, 
p. 35), such features are not found in all species, and it has been shown 
that the small Cape Chamaeleon (C. pwmilus) possesses lungs which are in 
no way anomalous amongst Lacertilia. Beddard’s paper includes an 
excellent account of the lungs of the latter species and of several others. 

If the lungs of Chamaeleon vulgaris be examined, it will be seen that 
the organ is produced into a number of elongated sacs or diverticula which 
in structure differ from the lung itself in that these processes are not sup- 
plied with a reticulum of blood-vessels. The function of these diverticula 
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is at present unknown. They are capable of expansion and contraction. 
Their position is generally in the posterior part of the body, and ventrally 
lying over and between the intestines. 

In the common Transvaal Chamaeleon, Ch. quilensis, these peculiar 
structures are also very well developed as posterior and ventral diverticula 
of some considerable length (vide Text-fig. 1). The figure is based on the 
lung of a fresh individual drawn in sitw ; the general position of the out- 
growths has been delineated as in life. However, a good length of each 
sac must be imagined as tucked away and twisted between the intestines. 

Mr. Beddard has given a figure of the lung of Ch. dilepis with very 
short diverticula. Though we have examirled several specimens of this 
species we have found the sacs to be short only when much contracted. 
Indeed, we have been quite unable to detect any difference between the 


Text-Fic. 1.—Lerr Lune or C. quilensis. 


lungs of dilepis and those of quilensis, though Beddard, who had much 
less material at his disposal, regarded them as essentially different. This 
is a point of some importance, seeing that some authorities, including 
Boulenger, regard dilepis and quilensis as distinct species, whilst Tornier 
and Werner believe them to be merely forms of the same species. We 
are in favour of the latter view. 

In South Africa the genus Chamaeleon, as defined by Boulenger, is 
represented by about nine species, which, according to their external 
characters, are arranged into three sections: (1) that of dilepis and its 
variety quilensis, (2) that of namaquensis, and (3) the pumilus section 
which includes all the species so characteristic of southern and eastern 
Cape Colony with outliers in Natal and the Transvaal. Of namaquensis 
we have been able to examine two specimens. The lungs were found to 
have several long diverticula distally and ventrally, but they were not so 
numerous as in dilepis. We may add that namaquensis shows a further 
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resemblance to dilepis rather than to the pumilus section in the total 
absence of pigmentation on the peritoneum, which is black in damaranus, 
ventralis, etc. We have examined several specimens each of pumilus, 
rentralis, and damaranus,* in every case finding no trace of diverticula. 
As the pumilus section is fairly homogeneous in external characters, we 
assume that the absence of diverticula is characteristic of the whole sec- 
tion. Further, Brookesia of Madagascar is in agreement with the pwmilus 
section in this respeet. It would be of great interest to know what are the 
lung characters of the genus Rhampholeon of tropical Africa, but unfortu- 
nately no material is available. We venture to surmise, however, that it 
will prove to be similar to Brookesia. Chamaeleon tigris of the Seychelles 
also seems to be allied to the pumilus section, but we do not know its 
lung characters. 

(Through the courtesy of Mr. G. A. Boulenger, F.R.S., we have been 
enabled to examine a specimen of Rhampholeon spectrum (Oban, Calabar) 
and two specimens of Chamaeleon tigris (Silhouette Is., Seychelles) in the 
British Museum collection. 

The lungs of Rhampholeon were found to be simple, without trace of 
diverticula. Both the specimens of Chamaeleon tigris showed that the 
lungs were without diverticula such as those described below for other 
species of Chamaeleon ; but the lungs in both had ventrally and at a point 
about two-thirds the length of the organ distally a rounded lobe supplied 
with blood-vessels. In the absence of true diverticula C. tigris resembles 
the pumilus section of the Cape; on the other hand, the examination of a 
rather badly preserved skull of this species inclines us to the view that it 
is in all probability an isolated form, related most nearly perhaps to some 
of the Madagascar species.) + 

Undoubtedly the primitive scheme of lung of the Rhiptoglossa is that 
which conforms to a great extent to that of other Lacertilia; and for this 
reason in the genus Chamaeleon, the Cape species, C. pumilus, ventralis, 
damaranus, etc., seem to be (they may be degraded) nearer the primitive 
Rhiptoglossan stock than the Malagasy and other species of this genus 
(cf. Beddard, loc. cit. p. 41, line 44), and similarly the genus Brookesia 
must rank as the Malagasy representative of that primitive stock, though 
it is now in some respects a highly specialized creature. 

The variation which obtains in the peculiar type of lung as presented 
by the common Chamaeleon and by C. dilepis may be illustrated by refer- 
ence to the following species :— 


Chamaeleon dilepis, Leach, var. quilensis, Boc. (Text-fig. 1).—A good 
deal of variation obtains, and even in the same individual the number of 


* Our specimens of damaranus came from Knysna. It is highly improbable that the 
original locality record for this species, ‘‘ Damaraland,” can be correct. 
+ Inserted April, 1914. 
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diverticula may be different on the two sides. The size of the sacs varies. 
Further, some may be simple, but the majority are generally bifid. In 
one specimen examined four simple and four bifid outgrowths existed ; in 
another (vide Text-fig. 1) one simple and six bifid. In the latter case 
the outgrowths were much expanded at their bases, and generally 
thin and tubular in their distal parts. 

Specimens from Pretoria. 


C. bifidus (Text-fig. 2).—The lung figured was much contracted, but 
the diverticula had retained their normal condition. As outgrowths from 
the posterior portion of the lung two small processes had been developed : 
also two long processes—one of them bifid—and four of moderate length 


Text-Fic. 2.—Riaur Lune or C. bifidus. 


were noticed. Another outgrowth is indicated in the figure (it was prob- 
ably broken during dissection). 

Specimen, an adult male from Ambilo, district of Andevoranto, east 
coast of Madagascar. 

C. parsonii, Cuv., var. cristifer, Mthn. and Hew. (Text-fig. 3).—In the 
specimen chosen for dissection several of the sacs were much contracted. 


Text-Fic. 3.—Lerr Lune or C. cristifer. 
Seven processes were detected. It will be noticed that the anterior process 


is much swollen. 
Specimen from Analamazotra, east region of Madagascar. 
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C. lateralis, Gray (Text-fig. 4).—The diverticula, though fairly numer- 
ous, are insignificant structures if compared with those of the foregoing 
species. The figure shows one posterior and four basal diverticula, and 


Trext-Fic. 4.—Lert Luna or C. lateralis. 


on the inner side of the lung (seen through the organ) one fairly large and 
two smaller diverticula. 
Specimen from Analamazotra. 


C.malthe, Gthr. (Text-fig. 5).—The outgrowths consist of a swollen 
posterior and two enlarged ventral sacs; also three ventral processes. 


Text-Fic. 5.—Ricut Lune or C. malthé. 


Specimen from Analamazotra. 


C. brevicornis, Gthr. (Text-fig. 6).—A great reduction as regards the 
outgrowths is apparent. One large diverticulum with a small elongated 
process directed in a posterior direction ; posterior to this a long, thin out- 
growth ; and partly anterior to these two ill-developed sacs. 


C.nasuta, D. and B. (Text-fig. 7a), and C. gastrotaenia (Text-fig. 7 5). 
—In both these small Malagasy species the development of the out- 
growths is very feeble, but the sacs are to be recognized readily. 
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Specimens from the eastern parts of Madagascar. 
In no species of Chamacleon from Madagascar have we found simple 
lungs. 


Text-Fic. 6.—Ricutr Lune or C. brevicornis. 


Text-Fic, 7.—a, Lerr Luna or C. nasuta, and b, Riagur Lune or C. gastrotaenia. 


Tue STERNUM AND Riss. 


In the nature of the sternal apparatus and attachment of the ribs we 
have a further structural character which can be utilized to some extent 


Trext-Fic. 8.—ABNORMAL ARRANGE- Text-Fic, 9.—ABNORMAL ARRANGE- 
MENT OF STERNAL Riss IN C. MENT OF STERNAL Rips IN C. 
quilensis. damaranus. 


in determining the morphological position of the various groups of 
Chamaeleons, 
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Normally in all the groups which we have examined three pairs of ribs 
are attached to the sternum. In exceptional cases four pairs may become 
attached (Text-fig. 8), or three on one side, four on the other (Text-fig. 9). 
The remaining ribs form continuous hoops behind the sternum. 

The simplest arrangement appears to be in Brookesia. The anterior 
part of the sternum in B. superciliaris (Text-fig. 10) is well developed. 
The manubrium, which is comparatively short, is broad at the base and 
slender posteriorly. There is no xiphoid process. The first post-sternal 


Text-Fia. 10.—SreRNAL ARRANGE- Trext-Fic. 11.—Typrcan ARRANGE- 
MENT IN Brookesia. MENT OF STERNAL Rips IN C. 
ventralis. 


hoop is placed a little way behind the sternal ribs. Siebenrock has also 
figured the sternum of Brookesia (Sitz. Akad. Wiss. Wien, 1893). 


C. ventralis (Text-fig. 11)—The manubrium is fairly long, is more 
clearly differentiated than in Brookesia, and possesses a slender xiphoid 
process which is underlain by the first or, in addition, the second pair of 
abdominal hoops. In C.damaranus much the same arrangement is to be 
seen, though abnormally four pairs of ribs on one side, three on the other, 
may articulate with the sternum (Text-fig. 9). In the figure the first 
hoop is in reality underlying the xiphoid process and is not intimately 
attached to it. 

In the Malagasy species of the genus Chamaeleon the sternal apparatus 
conforms more or less to that of the pwmilus section just considered, but a 
certain specialization has come about. The xiphoid process is better 
developed, and is variously shaped. Generally three if not four abdominal 
hoops underlie the xiphisternum, a strong membrane attaching the first 
hoop to the tip of the xiphoid process. The first three or four hoops are 
connected by muscles to the anterior part of the sternum. 


Text-fig. 12 shows the arrangement in C. brevicornis, and a similar 
condition obtains in C. bifidus and in C. parsonii cristifer, though in the 
last a small bilobed cartilage articulating with the extremity of the xiphi- 
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sternum serves as an attachment for the membrane which is connected to 
the first pair of abdominal hoops. 


Text-Fic. 12.—SrerNaL ARRANGE- Text-Fia. 13.—STERNAL ARRANGE- 
MENT IN C. brevicornis. MENT IN C. lateralis. 


Text-fig. 13 shows the sternum of C. lateralis ; it is chiefly peculiar in 
the length and breadth posteriorly of the xiphoid process. 

The highest specialization appears to take place in the dilepis group, as 
exemplified in this paper by C. quilensis and C. dilepis. Normally (Text- 


Text-Fic. 14.—TypicaL ARRANGEMENT OF 
STERNAL Rigs C. dilepis. 


fig. 14) three pairs of ribs are attached to the sternum, but sometimes 
there are four. The xiphisternum is rather small. A membrane attaches 


\ 

aN 


A Contribution to our Knowledge of the Anatomy of Chamaeleons. 97 


this process to the first four hoops, which are bunched closely together ; 
whereas in the pumilus group, as exemplified in C. ventralis, the corre- 
sponding hoops are not thus bunched together, but occupy positions more 
or less equidistant from one another, just like the hoops more posteriorly 
situated. 

Ribs.—Chamaeleons are remarkable amongst reptiles, excluding snakes 
and serpentiform lizards, in that most of the post-sternal ribs form com- 
plete hoops. According to Werner there are eight of these hoops in 
Chamaeleon, but only six in Brookesia and Rhampholeon. However, the 
total number of rib-bearing vertebrae is also greater in Chamaeleons, for 
Werner cites fifteen in Chamaeleon, twelve in Rhampheleon, and nine 
in Brookesia. As a matter of fact, the number of rib-bearing vertebrae 
varies considerably within the genus Chamaeleon. We find that there are 
fourteen in C. pumilus and C. ventralis, sixteen or seventeen in C. dilepis 
or C. quilensis, whilst the small species, C. gastrotaenia and C. nasuta, 
have only thirteen rib-bearing vertebrae. The smaller numbers most 
probably represent the more primitive conditions. 


SKULL.* 

The various published descriptions and figures of the Chamaeleon skull 
relate mostly to C. vulgaris, which, it may be noted, is one of the most 
specialized members of the family. In an important pioneer paper W. K. 
Parker has dealt at great length with the skulls of C. vulgaris and of 
C. pumilus, but in our judgment his account is in several respects mis- 
leading or inaccurate ; unfortunately his errors have been repeated in the 
text-books. So far as we know a really good account of the Chamaeleon 
skull has not been published: Siebenrock, however, has given a careful 
description of the skull of Brookesia. We have therefore been obliged to 
depart somewhat from our original intention of merely comparing together 
the various types, since in indicating the homologies of particular bones it 
seemed advisable to point out clearly in what respects the views of other 
authors were in conflict with our own. 

Squamosal and prosquamosal.{|—In applying these terms to the inner 

* The following account of Chamaeleon skulls is based on external examination, not on 
sections. 

+ Since this account was written, Dr. Broom has kindly sent us a copy of his paper 
‘© On the Squamosal and Related Bones in the Mosasaurs and Lizards” (Bull. Amer. Mus. 
Nat. Hist., vol. 32, art. 32, pp. 507-508, publ. Oct., 1913), in which he adduces reasons for 
changing his previously expressed views on the homologies of the bones here considered. 
He is now of opinion that the outer bone in Mosasaurs and Lizards is the squamosal, and 
the inner one the tabulare. He remarks that the inner bone in Mosasaurs is ‘‘ apparently 
not a bone of the temporal roof at all, except to some slight extent secondarily’’: it is 
‘*more of an occipital element than an element of the temporal roof.” 


It appears to us that the identity of the outer bone with the mammalian squamosal is 
still undecided, 
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and outer elements respectively of the ‘‘ supratemporal” arch of a lizard’s 
skull we do so on the recommendation of Drs. Broom and Gadow, to each 
of whom we are greatly indebted for information regarding the probable 
homologies of these elements in general. However, we are limiting the 
present question to a brief comparison between the various forms of 
Chamaeleons and some other lizards in respect to these bones. In the 
posterior part of the supratemporal arch of the common Chamaeleons 
(C. vulgaris or C. quilensis) two bones are found, a larger one extending 
the whole distance from the tip of the parietal to the postfrontal and 
jugal, and a small inconspicuous sheathing bone only seen in hind view 
and stretching but a short distance above the quadrate. Comparing 
these with the bones of a typical lacertilian, such as Varanus, we believe 
that the larger one is homologous with the bar (the prosquamosal) which 
in Varanus connects the quadrate with the postfrontal; whilst the very 
small bone is the homologue of the inner element (the squamosal) which 
passes from the quadrate to the lateral part of the parietal. This view of 
their homology does not appear to have been held by some other writers 
on Chamaeleons. Owen spoke of the large bone as the mastoid, implying 
its homology with the inner bone of Varanus. Boulenger, in the British 
Museum Catalogue of Lizards, calls this same bone the “‘ supratemporal,”’ 
a term which he uses in the same work for the inner bone in other lizards. 
Huxley seems to have held the same view of its homology. On the other 
hand, in W. K. Parker’s account of the structure of the skull in 
Chamaeleons (Trans. Zool. Soc., xi., p. 77 et seq.), in C. K. Hoffmann’s 
work (Bronn’s, Tierreich), and in Werner's monographs (Das Tierreich, 
1911, and Zool. Jahrbuch, Sept., 1902, vol. xv.) the large bone is 
styled the squamosal, all these authors using that term in other lizards 
for the bone which we are now calling the prosquamosal. Dr. Gadow: 
in a short account of the Chamaeleon skull (Camb. Nat. Hist., p. 568), 
describes the two bones as partially fused, and is not clear regarding their 
homologies, for he says, ‘‘ the parietal bones united into one, extends 
backwards far beyond the occiput, and the tip of this projection is met 
by a much-elongated supratemporal bone which, partly fused with the 
squamosal, helps to enclose a huge supratemporal fossa’’; but in his 
accompanying figure the much elongated bone is simply labelled the 
squamosal, 

The prosquamosal and the much reduced squamosal show various 
degrees of development in different members of the family of Chamaeleons. 
‘he prosquamosal is largest in the dilepis group: in these species it 
stretches from the tip of the parietal to the orbital region, where it forms 
sutures both with the postfrontal and the jugal. A similar arrangement 
is found in the Malagasy species, U. lateralis, C. nasuta, and C. brevicornis. 
In a single specimen of C. gastrotaenia examined, the prosquamosal does 
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not reach the jugal. In the several Cape species belonging to the 
pumilus group, the prosquamosal does not reach to the tip of the parietal, 
but is met by a descending lateral process of that bone, whilst anteriorly 
it forms a suture with the postfrontal, but does not reach the jugal. In 
this latter respect the pumilus condition resembles that in Varanus, whilst 
the dilepis condition is like that in Agama. According to W. K. Parker’s 
figures, the prosquamosal of a juvenile C. vulgaris does not reach the 
jugal, whilst in the adult of that species, as in dilepis, it forms a fairly 
broad suture therewith. In Brookesia (and apparently also in Rham- 
pholeon) the prosquamosal is completely separated from the jugal. 
Assuming the accuracy of Parker’s figure and statement concerning 
the young of C. vulgaris it would appear that the primitive condition 
is that of C. pumilus and Brookesia. 

The squamosal, though small, is quite distinct both in the dzlepis 
and in the pumilus group, and indeed in all species of the large genus 
Chamaeleon examined by us, being best developed in C. dilepis and allies. 
In C. ventralis the outer surface of the squamosal occupies a hollow 
between the prosquamosal and the exoccipital, and by the growth of 
these two bones the squamosal is squeezed to the interior. In Rhampholeon 
it is said to be absent. In Brookesia the bone is exposed only to a very 
slight extent in external view, appearing at the base of the prosquamosal, 
and resting on the quadrate: if the prosquamosal be removed, the 
squamosal can be seen to extend upwards for a considerable distance. 

The presence of both prosquamosal and squamosal in a reptilian 
skull is generally considered the more primitive condition, yet Sphenodon 
has only one bone. In Sphenodon that bone is often stated to be the 
homologue of the mammalian squamosal, in which case if the inner bone 
of a Varanus skull is correctly homologized with the squamosal of 
mammals it would appear that the single bone found in Rhampholeon 
(or the larger one in Brookesia), though occupying precisely the same 
position relative to the other bones of the skull, is nevertheless not 
homologous with the single bone of Sphenodon. To us it would seem 
just as probable that the single element in Rhampholeon (one of the most 
primitive of Rhiptoglossa) and of Sphenodon are homologues ; from this it 
would follow that either this element in Sphenodon is a prosquamosal, 
or the outer element in Varanus and lizards in general is a true 
squamosal. 

We are not, however, in a position to determine this point, and we 
doubt if it ever will be possible to determine with certainty the lacertilian 
homologue of the single bone in sphenodon. The enlargement of the 
prosquamosal and the accompanying reduction of the squamosal is 
probably not due to the formation of the casque, as might perhaps have 
been suspected from consideration of C. quilensis or of C. vulgaris, 
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since the same conditions obtain for Brookesia, which, judging from 
our specimens of LB. superciliaris, practically has no casque: this, how- 
ever, involves the assumption that Brookesia is not a degraded type. 

Parietal. —The parietal is single, forming in C. quilensis and C. vulgaris 
a much-narrowed and compressed style, whereas in C. pumilus and allies 
it takes the form of a broad plate with a descending process on either 
side which meets the prosquamosal. In C. brevicornis and some other 
Malagasy Chamaeleons the parietal, though it expands a little posteriorly, 
never forms a broad plate, nor has a descending process postero-laterally. 
The descending process of the parietal, which in the genus Chamaeleon 
is found apparently only in the pumzlus group, corresponds no doubt with 
the crescentic horn at the hind angle of the parietal of Varanus or Agama. 
The plate-like parietal in the skull of Brookesia is, however, still more 
typically lacertilian than that of C. pumilus, as it is not prolonged 
backwards beyond the occipital region (Siebenrock, however, dealing 
with B. swperciliaris, figures a backwardly projecting parietal); and, 
further, it has retained on either side anteriorly a descending process 
which is attached to the prootic region; it has also the descending 
postero-lateral process. thampholeon is stated to have no such lateral 
process to its parietal. According to W. K. Parker, in his detailed account 
of C. vulgaris, the bone which we are referring to as the parietal is really 
an interparietal, the true parietals having more or less completely fused 
with the prosquamosals. He describes and figures a suture in the 
prosquamosal which marks the junction of these two bones, but we 
have found no trace of such a suture in any Chamaeleon, and Parker 
himself was unable to detect any indication of distinct parietals and 
interparietals in C. pumilus. 

Mr. Boulenger, in the British Museum Catalogue of Lizards, describes 
what would appear to be a similar state of affairs as follows: “ Parietal 
single, often much narrowed and compressed, forming a crest and 
meeting posteriorly the extremities of a pair of bones the supratemporals, 
which on each side connect it with the squamosal. In some species the 
parietal in the adult may be much expanded and form a bony slab, from 
which the supratemporals are no longer to be distinguished.’ We are 
unable to comprehend the meaning of the latter sentence, and we believe 
that the bone we call parietal is homologous throughout the family. 

Frontal.—The frontal is generally stated to be single in Chamaeleons. 
According to W. K. Parker there are two frontals in the skull of a newly 
hatched C. vulgaris. In young skulls of C. ventralis we have found no 
indication whatever of a paired condition. 

Pre- and Post-frontals.—These bones in Brookesia (and in Rham- 
pholeon) are separated by the frontal, as in the case of Varanus or Agama. 
In C. dilepis and vulgaris they meet on each side to form the upper 


| } a 4 

‘ 
I 

€ 
3 


A Contribution to our Knowledge of the Anatomy of Chamaeleons. 101 


boundary of the orbit: in the pwmilus group, however, they do not meet. 
This character is not absolutely constant in the genus Chamaeleon even 
apart from the pwmilus section, since C. nasutus and C. gastrotaenia 
exhibit the puwmilus condition; whilst C. lateralis has the pre- and post- 
frontals connected by a membrane external to the frontal, C. brevicornis 
agrees with the condition found in dilepis. There can be little doubt but 
that the dilepis condition is secondary. 

Lachrymal.—C. dilepis has a distinct lachrymal bone like most lizards, 
but no such bone is to be found in Brookesia (and in Rhampholeon) and in 
the pumilus group. It is also absent in C. brevicornis and C. lateralis. 

Nasal.—The nasal bone in the skull of Brookesia is a large unpaired 
plate bordering the nasal opening. In all species of Chamaeleon the nasal 
bones are small and paired and do not border the nasal opening, being cut 
off therefrom by a forward prolongation of the prefrontals. In the adult 
skull the large prefrontal fontanelle is bordered internally by the nasals, 
and is thus entirely separated from the nasal opening; but in the young 
of ventralis the prefrontal fontanelle and the nasal opening are in open 
connection—a condition which, according to Parker, is exhibited also in the 
case of the newly hatched young of C. vulgaris, and according to Werner 
in the adult of Rhampholeon. This latter genus is said to have small 
paired nasals. In one species of the pwmilus group, namely in C, 
damaranus the nasal has a transverse process passing to the pre- 
frontal and then completely dividing the prefrontal fontanelle into two ; 
otherwise the pumilus group shows in this respect no important difference 
from quilensis or vulgaris. 

Parasphenoid.—According to Parker a parasphenoid bone occurs in the 
skull of C. pwmilus, but is absent from that of C. vulgaris. Siebenrock 
further describes and figures this bone in Brookesia. We have not been 
able to find any trace of the bone in C. ventralis: in this species the 
interorbital septum is thickened at the base, but shows no ossification 
whatever. 

Vomer.—An unpaired vomer is found in the pwmilus group and in 
C. quilensis. In C. pwmilus it is notched at both ends, but otherwise shows 
no indication of a paired origin even in young skulls. It is absent in 
Brookesia and Rhampholeon. The single vomer of Chamaeleon is no 
doubt homologous with the paired elements of lizards to which Dr. Broom 
has assigned the name “‘ Prevomers,” as they are suspected to be different 
from the mammalian vomer. 

Columella cranii.—Mr. Boulenger states that Chamaeleons have a 
small columella, and Dr. Gadow says that this bone is present in a much- 
reduced state, partly imbedded in the interorbital septum. We have not 
been able to find any trace of the bone, and Parker noted its complete 
absence. 
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CONCLUSIONS. 


The genus Brookesia approximates to the normal lacertilian type in so 
many respects that we may safely regard it (and Rhampholeon probably) 
as the most generalized of living Chamaeleons. The pwmilus section is in 
several respects the least specialized division of the large genus Chamaeleon 
and the dilepis section is the most advanced of the whole family. Mr. 
Beddard comments on his lung investigations as follows : ‘‘The simplicity of 
structure which is often associated with small sized forms as compared 
with their allies of larger size is well seen in the two small species of 
Chamaeleons, viz., C. pumilus and C. taeniobronchus where the lungs have 
no diverticula and the intestinal tract is nearly straight.” This is only 
partially correct : it is certainly correct that all the largest species belong 
to the advanced group, but some of the Malagasy species (e.g., C. lateralis) 
which are smaller than C. pumilus or C. ventralis, must also be included 
amongst the most specialized forms. Although Mr. Beddard does not thus 
explain the facts, some might infer that smallness of size is accompanied to 
some extent by degradation in structure giving a false appearance of sim- 
plicity ; and while admitting the possibility of such degradation in Brookesia 
and C. pumilus with respect to some characters (e.g., the reduction of the 
squamosal and absence of lachrymal), we think it highly improbable that 
this can be the explanation of the simplicity of those types in respect to so 
many characters. Indeed, the fact that the vulgaris and dilepis section 
show in immature specimens some of the characters which belong to the 
adult stage in C. pumilus, Brookesia, or Rhampholeon, whilst, on the other 
hand, C. ventralis, at any rate, does not pass through a stage reminiscent of 
the higher types in its young, is decidedly against that view.* Further, 
our opinion with regard to the primitive nature of Brookesia is in some 
degree supported, we think, by the fact that Madagascar is known to be 
the home of primitive animals in various groups (cf. especially the 
primitive Colubrine snakes of that island); however, we do not desire to 
lay stress on this argument, as it cannot be said that the whole Malagasy 
fauna is primitive. 

It is important to note that the one or two widespreading Mediter- 
ranean and Indian species are included amongst the most advanced section 
which, moreover, has its headquarters in Africa. We are probably justified 
in assuming therefrom that the extra-Ethiopian species are outliers which 
have spread in comparatively recent times to the places they now inhabit, and 
there is no reason to suspect that they are relict forms indicating a former 
much wider distribution for the family. On the other hand, Chamaeleon 


* Fully to substantiate this argument, more complete embryological data than is now 
available will be required. By tracing the development of the skull and of the lungs in 
the embryos of Brookesia and various species of Chamaeleon, the problem could in all 
probability be definitely settled. 
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remains have been reported from Oligocene deposits in France, but we are 
unable to express any opinion regarding the accuracy of the record. 

Further, taking all the data of distribution * and morphology into con- 
sideration, it is difficult to avoid the conclusion that the family as we know 
it to-day has spread from a centre of origin situated in that portion of the 
Ethiopian region of which there now remains two separated components, 
Madagascar and the Cape Province of Sclater, for only in these areas do we 
find what we believe to be the more primitive members of the family. 
There is no evidence in favour of a northern origin for this family. 

We think it advisable to restore Gray’s genus Lophosaura to include 
the pumilus group of the genus Chamaeleon, as this section seems to be 
sharply separated from the other members of that large genus. The 
characters of Lophosaura may be described as follows: Casque made up 
largely of the parietal bone which is a broad plate with a lateral process 
on each side descending to meet the prosquamosal ; prosquamosal not 
forming suture with jugal; pre- and post-frontals not in contact; no 
lachrymal bones ; maxillary and prefrontal bones in contact separating the 
nasal bones from the nasal aperture ; 14 pairs of ribs; lungs without trace 
of diverticula. The external characters are those given by Mr. Boulenger 
for the pwmilus group, viz.: A gular crest; no ventral crest; no light line 
from chin to vent; no occipital lobes; no rostral appendages ; no tarsal 
process. The members of this genus Lophosauwra are probably all 
viviparous. The genus comprises all the South African species referred to 
the pumilus group and probably also Chamaeleon tigris of the Seychelles. 
As we have previously mentioned, the remaining species included in the 
genus Chamaeleon show considerable structural differences—perhaps 
of varying importance—and possibly will prove to be separable into 
a number of distinct groups, each of generic value. Unfortunately we 
have not sufficient material to enable us to attempt further rearrangement. 


DescrirTion oF A NEw VARIETY OF THE GENUS Lophosaura, Gray. 


LoPHOSAURA VENTRALIS, Var. KARROOICA. 


Description of type: No. 1789 in the Albany Museum, collected at 
Beaufort West, by Master Philip Whaits. 


Casque feebly elevated, not quite so narrow and pointed behind as in 
the typical form of C. ventralis—var.typicus —(from Grahamstown or Port 
Elizabeth). 


* For notes on the distribution of Chamaeleons see Hewitt in Transvaal Museum 
Annals, vol. ii., p. 67, and for detailed accounts Werner in Zoologische Jahrbuch, 1902, 
and Das Tierreich, 1911. 


is 
+ 
i 
‘ 
5 
. 4 
‘ 
; 
a 
\ 
i 
he 
” 


104 Transactions of the Royal Society of South Africa. 


Crests of head are similar to those of ventralis typicus. The upper surface 
of head between and somewhat in front of the eyes is concave, but there is 
no deep depression such as occurs in C. pumilus, Daud., just anterior to 
the eyes. Scales on back and sides granular, intermixed with rather small 
subconical tubercles which become flattened in the region of the groin ; the 
tubercles are more or less regularly arranged in interrupted longitudinal 
rows; the smallest tubercles are those which occur on the back, the 
largest occurring on the flanks. A dorsal crest as in ventralis typicus : 
ventral scales practically equal (in ventralis typicus they are often very 
unequal). Throat with ratber small subconical tubercles; gular crest 
composed of elongated scaly lobules, none of which are as broad as 
long, the anterior ones largest (in ventralis typicus the anterior gular 
lobes are considerably broader than long and overlap each other ante- 
riorly). 

Tail shorter than head and body, the lateral caudal tubercles slightly 
smaller than the larger tubercles on the flanks. 


Notes on Co-types.—In 3 specimens, 2 from the same locality, and 1 
from Jansenville, the tubercles occupying two middle rows on the flanks 
are larger than those on the rest of the body ; in 2 specimens (1713) and 
(1732) all the gular lobes are sharply pointed. 

The example from Jansenville shows an approach to the C. ventralis 
typicus condition, in that the anterior gular lobes overlap and the first lobe 
is only very slightly longer than broad, all the other larger lobes being 
however considerably longer than broad. We may mention that a 
Beaufort West specimen has been referred by Mr. Boulenger to C. 
pumilus (Ann. S. Af. Mus., v., p. 492). It may be doubted, however, if 
two species actually occur in that locality. 
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BAROMETRIC VARIABILITY AT KIMBERLEY AND 
ELSEWHERE. 


By J. R. Surron, Se.D., F.R.S.S.A. 
(Received October 14. Read October 15, 1913.) 


The present discussion is a further contribution to the meteorology of 
the Table Land of South Africa. Previous papers have been published 
in the Transactions of the South African Philosophical Society, and of the 
Royal Society of South Africa. The main intention at this time is to give 
working constants of barometric variability for such few stations in Africa 
south of the equator as have been able to supply the necessary detailed 
observations. And, for purposes of comparison, the corresponding results 
for a number of stations outside the country have been computed. These 
latter are not by any means as numerous as might have been wished, 
but they represent all the series of observations of sufficient length 
which I have been able to buy, or borrow, or beg. Even then the 
discussion of what is available is far from complete, although it has been 
in hand for a very longtime. Various accidents—the intermittent menaces 
to the existence of the Kenilworth Observatory—have conspired to delay 
it. Apart from that, when it comes to deciding whether it is better to 
publish a larger number of incomplete papers or a small number of more 
finished ones, the former has always seemed to be the better way. For 
the material is then, at any rate, put on record for the use of any one who 
cares to go further with it. That plan has therefore been followed in the 
present instance. 

By “barometric variability’’ is meant the difference between the 
pressures of the air at the same hour on two consecutive days, regardless 
of sign. The average value of this variability from day to day for a month 
(or year) is called the monthly (or annual) mean variability. Work upon 
the oscillations of the barometer has been mainly confined to a discussion 
of the monthly ranges of pressure—i.e. of the differences between the 
greatest and least pressures occurring in a month—or of the ranges 
usually met with in passing from “highs” to “lows.’’ The present 
discussion is more general in outline, and includes these others as special 
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cases. Moreover, there is this important fact to be borne in mind: that 
whereas the monthly range, or the range of greatest disturbance, is almost 
independent of the number of atmospheric depressions and anticyclones 
which pass over any station, an abnormal number of such depressions 
or anticyclones must necessarily raise the value of the monthly and 
annual mean barometric variability accordingly. That is to say, the 
variability gives the better measure of cyclonic activity. 

In Table 1 will be found the method of computation for a specimen 
month, showing— 

1. The atmospheric pressure at 8 a.m. at Kenilworth (Kimberley) for 
each day of October, 1904 ; 

2. The differences of pressure between one day and the next, with the 
average of them all, that is, the monthly mean variability, equal to 
‘102 inch in this case; 

3. The range from the greatest pressure to the least, equal to 
‘374 inch; and 

4. The average range from highs to lows reckoned on the two most 
conspicuous instances in the month, equal to ‘312 inch. 

If it had been possible, it would have been well to have made 20 
years the shortest period of observations which should entitle a station to 
have its constants of barometric variability determined and put on record 
here. For the monthly means of variability vary very much both from 
month to month, and for any one month from year to year. And so when 
the period is short the incidence of a month of exceptionally large or 
small variability may teud to distort the annual curve. To insist in every 
case, however, upon a long period would have shut out several stations 
whose geographical positions have a special importance. The results 
given, therefore, are to be regarded as provisional until better can be 
obtained for longer periods. Nevertheless it may be said that a com- 
parison of all the annual curves shows that those derived from the shorter 
series of observations are, probably very much better than might have 
been expected a priori. 

Some stations of the first importance have had to be omitted. Not 
because their available records cover too short a period, but because they 
have been published in such a form as to be of little utility. Mauritius, 
for example, does not publish daily readings at a given hour, but only the 
average of the hourly readings for each day. Again, all the early results 
published in the Argentine Anales de la Oficina Meteorolégica are shown in 
the same way. This circumstance unfortunately precludes their use for 
our special purpose. And for this reason, that the monthly mean 
barometric variability computed from the readings at a given hour 
differs considerably from the variability computed from daily means. 
Table 2 gives a comparison of the two sorts of variability at Cordoba. It 
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appears from this that readings at a given hour give a variability nearly 
always greater than that deduced from daily means. 
The observations made use of here are :— 


Hour of Years of 

Observation.* Record. 

Kenilworth, S. Africa ......... can 16 
5. Daressalam, Africa VII 15 
S. Alice Borings, Australis IX 6 
11. Wellington, New Zealand .....................006 IX 9 
12. Staten Island, Argentina .....................00. VII 8 
1S; IX 10 


Notes ON THE OBSERVATIONS. 


1. Care Town. The readings of the barometer and attached thermo- 
meter at the Royal Observatory for the 13 years 1889-1911 were kindly 
supplied by Mr. Hough. These I have reduced to 32° F. before taking out 
the variability. 

2. East Lonpon. The readings of the barometer and attached 
thermometer at the Port Office for the 20 years 1885-1904, less half a 
month in January, 1885, were kindly supplied by the Harbour Board. 
These I have reduced to 32° F. before taking out the variability. The 
observations made in the first half of November, 1893, have had to be 
rejected as obviously erroneous, 

3. Durpan. The variability at the Natal Observatory has been com- 
puted from the pressures (at 32° F. and sea-level) published in the 
excellent Reports of the Natal Government Astronomer for the 24 years 
1885-1908. 

Meteorologically speaking, the Durban Observatory has been one of 
the bright spots in South Africa. Perhaps that is why it has been closed, 
and its fine series of observations brought to an end. 

4. Kimperuey. Barometric observations were made twice a day 


* The Hour of Observation is approximate in some cases; also the record is not 
in every case unbroke 
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(morning and evening) at Central Jones Street by the late Mr. G. J. Lee, 
F.R.Met.S., during the 8 years 1890-7. The variability for the morn- 
ing hour, for the 7 years 1890-6, has been computed and combined 
with that for Kenilworth for the 16 years 1897-1912. The following 
observers were responsible for the Kenilworth readings: The late Mr. H. 
Neal, Mr. W. T. C. Braine, my wife, and myself. The reductions for 
temperature have been made by me. 

5. DaressauaM. The variability for the 15 years 1896-1910 has been 
computed from the pressures published in the excellent Deutsche Ueber- 
seeische Meteorologische Beobachtungen. These have been converted into 
inches for the sake of uniformity. 

6. Pertu. The variability for the 12 years 1897-1908 has been 
computed from the Reports of the Government Astronomer for West 
Australia, 

7, 8, 9. ApenatpE. The variability for the 30 complete years 1878- 
1907 has been computed from the fine series of barometer observations 
published by the late Sir Charles Todd under the authority of the Govern- 
ment of South Australia. 

Avice Sprines and Port Darwin. The variability is, in each case, 
for 6 incomplete years 1880-5.* 

10. Sypney. The variability for the 16 years 1878-1885, 1888-1895, 
has been computed from the results of meteorological observations made 
by the late Mr. H. C. Russell. 

And here a word of praise may be expressed for the convenient and 
uniform manner in which the Australian results have been published, 
making reference and comparison so much easier. 

11. Wetuineton. The variability for the 9 years from March, 
1904, to February, 1913, has been computed from the results published in 
the New Zealand Gazette, for copies of which I am indebted to the 
authorities of the meteorological service of that country. The observatory 
at Wellington has been moved occasionally from one site to another, the 
various altitudes quoted being 140, 104, 105, 110, 10, and 8 feet. The pub- 
lished pressures are probably good to the second decimal place, the third 
decimal being, it would seem, approximate. 

12. Staten Istanp. The variability is for the 8 incomplete years 
comprised within the period 1886-1896. 

13. Corpopa. The variability is for the 10 years 1889-1898 only. 
Previous to 1889 (as already stated) only mean daily values were pub- 


* In March, 1882, according to the published results, the barometric pressure 
at Port Darwin stood at the same value for six consecutive mornings. This seems 
extraordinary. 

+ The majority of the published pressures for quite a considerable slice of the 9 
years are in numbers the third decimal place of which end is 0 or 9, 
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lished. For the purposes of this inquiry the Argentine constants would 
he of great value; but the results of observations for that region in 
my possession end with Vol. XIV, (1901), carrying the record for Staten 
Island no farther than 1896, and for Cordoba only to 1898; so that only 
these two stations—and for a limited period at that—could be used. The 
Anales are, moreover, an expensive luxury. 

14. Honea Kona. The variability for the 14 years 1884, 1886-7, 
1902-12 has been computed for the sake of including one station in the 
Northern Hemisphere. 

Table 3 gives the monthly mean constants of barometric variability, 
derived from differences such as those of Table 1, for 13 stations in the 
Southern Hemisphere as well as for Hong Kong. The average of all the 
Southern Hemisphere stations appears on the bottom line. 

According to this Table the minimum variability for the Southern 
Hemisphere generally falls in February, and the maximum in August. 
There is besides a secondary minimum in July. 

The South African stations show the February minimum, as do also 
Wellington and Cérdoba. In Australia, however, the minimum is retarded 
into March and April, stations to the north and east feeling it later than 
do those to the south and west. It is worth notice in this connection, too, 
that the two easterly South African stations—i.e. East London and Durban 
—show a secondary minimum in April. 

Cape Town has its maximum variability in August, whereas this is 
retarded into September at East London, and even into October at Durban. 
Kimberley conforms in a way to the rules of both East London and 
Durban in that the maximum is shown in October as well as August. 

At Port Darwin and Perth the maximum variability falls in June. At 
Adelaide it comes in September, at Alice Springs between September and 
October, and at Sydney in October. Alice Springs and Sydney have 
besides a fairly strongly marked June maximum, and there is also a 
tendency to this maximum at Adelaide. Thus on the whole the rule that 
the more easterly of the south-coast stations have the later maximum 
variability holds good in Australia as it does in South Africa. 

Wellington has the greater maximum variability in June and the lesser 
in August. Cdérdoba has one maximum, in July, and Staten Island prob- 
ably one in August. Further, at quite one-half of the stations the 
December variability is greater than that of November. 

Either the July minimum, or a tendency to it, is shown at most of the 
Southern Hemisphere stations. 

One deduction to be drawn from Table 3, and particularly from the 
summary on the bottom line, is that the ‘‘ equinoctial gales,” so far as 
barometric changes can indicate them, have no existence in fact. 

Table 4 shows the maxima of barometric variability in each month, 
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i.e. the greatest change occurring, whether from higher to lower or lower 
to higher, in one day which has taken place in any assigned month of the 
period dealt with. For example, -409 inch is the greatest change of 
pressure which has taken place in one day in January at Cape Town. 
In this Table the various stations are not exactly comparable one with 
another. For, obviously, the longer the record at any place the greater is 
the chance of getting large values for the maximum variability. Taking 
the Table as it stands, however, East London, of the South African stations, 
has had the largest individual value of the variability, namely *735 inch in 
August; Cape Town coming next with °711 inch, also in August. Kim- 
berley, and more especially Daressalam, happen far short of such a value. 
Of the Australian stations Adelaide and Sydney are comparable with the 
coast stations of South Africa; while Alice Springs, in the interior of 
Australia, is pretty much the same as Kimberley in the interior of South 
Africa. 

Of the 13 stations in the Southern Hemisphere, Staten Island is 
easily first, in spite of its short record, in the matter of barometric 
oscillation. 

Table 5, perhaps, gives more useful information than the previous 
Table. It gives the average values of the monthly maxima of variability 
for all the stations that have a record long enough to be worth considera- 
tion in this particular; i.e. it shows the average for each month of the 
maximum variability which has occurred in that month in each year. In 
other words, take any station N and any month M, and let the maximum 
variability in that month in the first year be a,,in the second year a,,.. . 
and in the nth year a,. Then the mean value of all the maxima will be— 


Thus at Cape Town, in January, the mean value of the maximum varia- 
bility is ‘277 inch, the greatest value of all the individual maxima in that 
month being *409 inch (in 1903), while the least value of all the maxima is 
‘189 inch (in 1904). It is curious that if we pick out the greatest variability 
in each month for some extended period, the average of them all is prac- 
tically three times the constant. For example, the annual mean value of 
the maximum variability at Cape Town is (Table 5) -332 inch, while the 
constant is (Table 3) ‘108 inch. A point worth remark is that whereas the 
monthly constants are on the whole greater at East London than at 
Durban, yet Durban experiences the greater maxima, particularly in the 
summer months. 

Tables 6 and 7 give the greatest and least values of the monthly and 
yearly mean variability. For example, in determining the monthly mean 
constant ‘089 inch at Cape Town for January we meet with -105 inch in 
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January, 1901, and -069 inch in January, 1905: And these values are 
shown in Tables 6 and 7 respectively. 

Table 8 gives the deviation of the annual mean variability from the 
total mean. For example, the total mean variability at Cape Town, as 
shown in Table 3, is-108 inch, and the mean for 1905 is -100inch. Hence 
the deviation for 1905 is —:008 inch. 

The individual annual mean values of the monthly maxima of varia- 
bility are given in Table 9. For example, the maximum variability for 
each month of 1905 at Cape Town was :— 


Inch Inch 


The average of these separate maxima is ‘308 inch, which is the value 
placed in the Table. 

It is fashionable nowadays to compute the coefficients of correlation 
for all manner of presumably mutually dependent things. Calling the 
coefficient of correlation 7, and the ‘“ probable error’ +E, we have 
the following results for sundry pairs of the stations shown in 
Table 8 :— 


r E 
Durban and East 075 
+°359 123 
Cape Town and Kimberley ‘183 
Adelaide and Sydney +°480 ‘130 
Adelaide ad +°165 199 


These results may, in some of the cases, be more curious than 
valuable. It is certainly remarkable that the coefficient for Durban 
and Adelaide should be so much greater than, and so much at variance 
with, the coefficient for Durban and Perth. And equally remarkable that 
the coefficient for Cape Town and Kimberley should be so small. This 
is a matter, however, that must stand over for the present, awaiting 
further elucidation later on. Particulars of barometric variability from a 
number of South American coast stations would probably help us. 

However important barometric variability may be as a factor of 
weather, there is no present evidence forthcoming to show that it is 
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of any great importance as a factor at large in local climatic variations. 
In a rough-and-ready way, as between one station and another, it is 
perhaps correct to say that where the variability is greatest there will 
the force of the wind be the greatest and the storms most intense. But 
at any one station, say Kimberley, greater or less monthly mean varia- 
bility does not, apparently, mean more or less wind during the month, nor 
higher or lower temperatures, nor greater or less range of temperature, 
nor more or less rain or clouds or sunshine. To a certain extent this 
result might have been anticipated. For as the barometer oscillates on 
one side or the other of the mean, so does the wind, and the cloud, and 
the temperature. A fall in the barometer means an increase in the velocity 
of the wind and a rise of temperature; while a higher barometer, to begin 
with, goes with light winds and low temperatures. These, however, are 
weather factors—factors, that is to say, of what Professor R. de C. Ward 
calls ‘‘ cyclonic control,’ and are not, strictly speaking, factors of climate. 
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SPECIMEN. 


TABLE 1. 


CompuTATION OF BAROMETRIC VARIABILITY. 
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= 
1904. Vill. | Diff. 
| 
26163 | 
097 
049 | 025 A 
267193 112 
081 159 
25-929 186 3 
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TABLE 2. 
BAROMETRIC VARIABILITY AT CORDOBA. 

| 1889. 1890. 

| | 

| Ata. | | Diff. | At 9a | oe. 

| inch. inch. %. inch | inch. %- 
“114 094 21 126 | :110 14 
“094 9 "150 122 23 
| ‘091 | 34 094 075 25 
| 094 ‘O87 | 8 ‘091 26 
| °126 106 | 19 ‘161 24 
| | -173 | 98 | 190 | -114 | 14 
| °157 118 | 33 | 118 24 
| “126 19 165 | -138 20 
| *106 “091 16 126 -091 38 
"110 — 4 ‘106 091 16 
"102 083 23 091 26 
| | 102 | 20 | -126 | -102 | 24 
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TABLE 9. 
AnnuaL Mran oF THE MontrHty MAXIMA OF 
BaRoMETRIC VARIABILITY. 
Sap East | <im- | S- de- . br- | Hong 
Town. London. | salam, jade. | 8¥4ney.) | Kong. 
1878 | 385 | +389 
9 -369 | +350 
1880 359 | +365 
1 | +362 
2 ‘386 | 
3 | | | | 375 
4 | | -400 | °374 | 166 
5 404 | -425 “B35 | 
6 362 | -391 | 361 | “142 
7 | +431 | -437 | 380 ‘171 
8 | *395 | -401 | | -376 
9 421 | +427 390 | -348 | -391 
1890 393 | -403 | -183 | | +849 | | 
1 | 410 | -408 | | B83 | | 
2 | -425 | -190 | 355 350 | 
3) 887 | | | +385 354 +339 
4 | 402 | +367 180 | +385 +345 | -373 
399 | -191 | 376 | 
| -388 -167 | -060 -376 
7 | -387 | -171 | 061 | -352 | -409 “422 
8 | 422 | -429 | :173 066 “416 
9 352 | | -404 -199 | 062 | -317 | -323 
1900 | 325 | -393 | 064 | -366 401 
1) -354 | -453 | -449 | 070 | +357 376 
2} -822 | -360 | -441 | -177 | -067 | -293 | -349 | +166 . 
3| -848  -405 | -401 | | -313 | +175 
4 304 | 398 | -381 | -196 | 062 | -344 | -378 | +150 
5 | 404 | | 327 370 | 
6 | +351 195 | -067 345 389 | *203 
7| -304 | ‘367 | | | -328 | | +143 
8 | -339 | 190 | :067 341 | +156 
9} -363 | | 194 065 | +165 
1910 | +333 | 180-065 | . 
-311 | | | *196 
2 | +203 | 143 
10 
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ON AN EXPERIMENTAL MODIFICATION OF VAN DER 
WAALS’S EQUATION. 


By P. Darton, M.A., D.Se., Victoria College, Stellenbosch. 


(Received October 11th. Read October 15th.) 


§ Inrropuction. 


Some years ago* the author published a complete table of 
saturation constants derived from the well-known vAN DER WAALS 
equation— 


and, by their means, investigated the reliability of the equation in repre- 
senting experimental results, especially within the saturation region. 
The equation was found, as expected, to give an excellent qualitative 
indication of the nature of the results to be expected under given 
conditions, while it completely failed to give any reliable quantitative 
estimates. Many modifications of the above equation have been proposed 
from theoretical considerations based upon assumptions more or less 
convincing, but the arbitrary nature of such assumptions seems to 
suggest that a direct appeal to experiment is to be preferred. In the 
following an attempt is made on the lines indicated by KuEnent to 
modify the equation experimentally, and the improvement effected is 
brought to light by comparison with such data as are at present 
accessible. 


J.P. Datron: Phil. Mag. (6), 13, 1907, pp. 517-542. 
P. Kuenen: Die Zustandsgleichung (Vieweg), 1907, p. 128. 


t J. 


‘ 
» 
“ 
‘ 
° 
4 


124 Transactions of the Royal Society of South Africa. 
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2. THE vAN DER WAALS AS A FUNCTION OF THE TEMPERATURE. 


Following Kuenen, we shall, as a first approximation, regard the a of 


the equation— 


as a function of T only, and 6 as a quantity which is independent of T. 
By applying well-known thermodynamical relationships we easily 


obtain— 
da dp, 


where p, is the vapour-pressure at temperature T, and v, and v, are the 
specific volumes of the respective phases of the complex on the same 
isothermal. Integration between any two temperatures gives— 


As experimental substance Isopentane was selected, for which the 


saturation data have been determined with great accuracy by Youna,* 
em.° mm. Hg. 


From these data the integrand of (4) was evaluated in [ ot 


units. These figures are given in column A of Table I. Integration was 
performed by means of a large-scale drawing on millimetre paper. The 
critical temperature was taken for the lower limit, and for the integration 


constant was written— 


\ 


. . 
For isopentane this becomes— 


3x x (4:266)? = 2964 “mm. Hg. 


Column B of Table I. gives the values obtained for the right-hand side 
of (4), and in the other columns are given values of a and of log a as 


functions of T. 
The last column of the table and Fig. 1 show conclusively that log a 


is a linear function of T, so that we may write— 


* §. Youne: Proc. Phys. Soc. 13 (1895), p. 602. 
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TaBLeE I. 


a=f(T) : Lsopentane. 


| . 
| ax10- log, logea. 


4493 7457 2°1103 6°3244 14-5625 
4066 7030 20598 6°3138 14-5381 
3674 6638 20113 6°3035 14°5143 
3310 6274 1:9637 62931 | 14-4904 
2970 5934 19167 6°2826 14-4662 
2653 5617 18705 6°2720 14-4418 
2357 5321 1-8251 6°2613 14-4172 
2079 5043 17802 6°2505 14-3923 
1521 4785 17369 6°2398 14°3677 
1578 4542 16942 | 6°2290 143428 
1351 4315 | 16527 | 62182 14:3179 
1137 4101 16117 6°2073 14-2928 

937 3901 15721 6°1965 14-2680 

749 3713 1°5335 6°1857 14°2431 

573 3537 14962 6°1750 14-2185 

409 3373 1-4605 6°1645 14°1943 

257 | 3221 | 1-4269 671544 14-1710 


106 | 3070 1:3907 61432 | 14-1452 


13658 | 6:1354 


| 
rm | |B. | 
283 | 48:37 
293 | 44°59 ‘ 
303 41-07 
313 38°00 
323 35°30 
333 33-11 
343 30°76 
353 | 28°92 
363 26°87 
373 | 
383 | 23-62 
393 | 22-09 
403 | 20°74 te 
413 | 19°44 é 
423 | 18°26 
433 | 17:06 | 
443 | 1576 
449 | 14:97 | 
460°4 12°60 = 
460°8 12°38 | 2964 14-1273 
| | 
4, 
| 
i 
| ae T ip 
280 $20 Sao tho 400 42 460 
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The average value of 3 is 0-:002446. This gives a=15-255 in the units 
employed. 
With a view to the applicability of the law of corresponding states to 


the modified equation, (6) may be written in the form— 


where $ is the reduced temperature, and ST, =1:127. 


§ 3. THe Mopirtep Equation. 


Equation (2) now takes the form — 


1-3) 
V2 


If the law of corresponding states is to hold good, /3T, should be the same 
for all substances. Whether this is the case or not has not yet been 
determined, but it seems probable that it will not be found strictly 
constant, but to vary more or less with the complexity of the molecule, 
just as in the case of the reduced diameter slope.“ In these circumstances 
we may, as a first approximation to a general equation, take AT, to be 
unity, and equation (8) then yields on reduction— 


In the sequel it is shown how much more closely this equation agrees 
with experiment than the original unmodified form. 


§ 4. THe Mopirrep Saturation Constants. 
A direct calculation of these constants is best made by a substitution 


method. If we write— 


(10) 


and substitute in (9) and in the MaAxweELL equation— 


| 


@y 


we can eliminate x and $ and obtain— 
— 
~ cosh 3—sinh 
* Cf. E. Marntas, H. KameruincH Onves, and C. A, Crommetin: Comm, Leiden, 
No, 131a (1913). 


(12) 


r 


(13) 
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ris now evaluated from tables for various values of the parameter }, and 
the saturation constants then obtained. Even with tables the calculations 
are somewhat laborious, and it was found to be much easier to derive the 
modified constants from the table of unmodified constants referred to 
above. It is evident that the modifivation now introducted does not 
affect in any way the relative values of the saturation volumes ;* hence 
if 1 and © are the ordinary vAN DER WAALS saturation pressure and 
temperature for any pair of volumes, and z and 3 represent the modified 
constants, we find— 


(14) 


and— 


(15) 


If equation (14) is written in the form— 
log, 1006 = log, 10$—1+% 


it can be solved by inspection from a table of natural logarithms; 7 is 


then obtained from the known ratio 5 Proceeding in this way, the 


following table of modified constants was obtained. 


Tasie II. 


Saturation Constants according to the Modified Equation. 


| Wy. Wo Oy 63. 


0:4964 00005275 03698 2506 2°704 0:0004 
0°5493 0-002460 0°3777 592°6 2°646 0:0017 
0:5980 0007736 0°3864 203°6 2°587 0°0049 
0°6430 0:01877 03960 89°15 2°525 0:01122 

0°6850 0:03807  0-4068 45°98 2°459 0:02175 

0:7245 0:06795 0-4188 26°61 0:03758 

0°7615 0°1103 0°4326 16°73 | 005977 

0:7966 0°1665 0°4485 11:18 2°230 0:08946 
0:8298 0:2376 0°4672 7811 2140 01280 

08614 0°3244 0°4896 5°643 9042 0°1772 

0°8916 0°4272 0°5174 4-173 1-933 0°2396 

09204 05463 05534 1-807 0°3197 

0:9480 0°6815 0°6034 | 0°4257 

0:9745 08328 06841 1727 | 1-462 0°5790 
1:0000 1-0000 1:0000 1000 1-000 


* If, as is in the meantime assumed, b is a constant, 
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The improvement effected by this modification is strikingly shown in 
Fig. 2. The reduced vapour-pressures from equations (1) and (9) are 
plotted, together with the experimental curves for isopentane * and methyl 
alcohol. If the law of corresponding states were rigorously obeyed the 
last two curves would be coincident ; as long as such differences as these 
occur it is obviously impossible to represent the thermal behaviour of 
different substances by a single equation, and all that one can do is to 
construct an equation for a fictitious substance to serve as a type from 
which particular substances deviate more or less according to their 
molecular complexity. This is what KamMERLINGH ONNEs has done in 
deducing his ‘“‘mean empirical reduced equation.”” Equation (9) seems, 
at least in so far as vapour-pressures are concerned, to be as good a type 
as can be found to represent both normal (isopentane) and abnormal 
(methyl alcohol) substances ; it gives a much closer quantitative estimate 
than the unmodified equation, while, at the same time, it retains all the 
essential features of the original. 

From the following table it will be seen that the modified equation is 
in good agreement with the vaN DER WAALS empirical vapour-pressure 
law— 


as long as the temperature is not too low, and that the value of f at the 
critical point, 3°04, is not far from the corresponding values for such 
typically normal substances as carbon dioxide, 2°97, and isopentane, 2°95. 
The unmodified equation, on the other hand, as was previously shown,t 
gives values for f which deviate greatly from constancy, while the critical 
value is 1:72. 


III. 


3°23 0°725 
3°18 0:762 
3°14 0°797 
3-11 0°830 
3-09 0°861 


* The carbon dioxide curve is coincident with this. 
+ Loc. cit, 


0-496 3:07 | 0-892 3-04 
0-549 306 | 0-920 3 04 
0598 | 305 | 0948 3-04 
0-643 304 (0975 3-04 
0685 | | 3-04 | 1-000 
| 
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5. Latent Heat. 


As a further test of the improvement effected by the foregoing 
modification, we may use the new constants for calculating values of 
the latent heat at different temperatures. The external work (reduced) of 
vaporization— 


(17) 


W/p,0, = 7,(w2—,) 


is only a fraction of the total latent heat, and yet even there an improve- 
ment is already evident, quite marked with respect to dependence on 
temperature although the change effected in the absolute magnitude of the 
work is not so great, VAN peR WaaLs’s equation gives 1:42 at $=('6, 
rising to a maximum of 1:47 at $=0°7 and, of course, falling to zero at the 
critical point ; while at $=0'61 isopentane gives 2°22, rising to a maximum 
of 2:42 at 3=0°76. Values calculated from the saturation constants of 
Table II. give 1:57 at $=0°60 rising to a maximum, 1°80, at $=0°76. As 
before, carbon dioxide * and isopentane correspond very well. 

The experimental values of the latent heat have been obtained from 
the well-known equation— 


dp, 
L=T 


and the following table contains the values of the reduced latent heat, 
L/p,v,, thus found for isopentane. 


TABLE IV. 


4 


: Isopentane. 
> | L | > L | > j L 
|| PRK | PRU 
0614 | 25:00 | 0:788 1988 | 0961 10:09 
0°636 2441 | 0809 | 19:07 0-974 8:60 
0°658 23-72 | 0831 | i819 | 0983 7-257 
0:679 23°17 0853 1723 | 0°990 5991 
0-701 22°59 0875 1621 0-994 4-849 
0°723 21-95 0696 15°03 0-996 4:127 
0-744 21:22 0-918 13-74 | 0-998 3071 
| 1215 | 0-999 2-376 


0766 , 20°61 | 0-940 


* J. P. Kuenen and W. G. Ronson: Phil. Mag. (6), 3, 155 (1902). 


> 
“ 
- | 
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If van DER WAALs’s equation is used for the calculation in con- 
junction with the thermodynamical relation— 


(19) 


we find— 


while the modified equation gives— 


When numerical values are obtained for (20), by means of the saturation 
constants of equation (1), we get, as the following table shows, reduced 
latent heats which are exactly one-third of the isopentane values at 
the same temperature. The same holds for carbon dioxide, for the latent 
heat curves for CO,* and for isopentane practically coincide when 
reduced. 


TABLE V. 


L 
——: VAN DER WAALS. 


When the latent heat is calculated from (21) instead of (20), the 
greatar part of this large discrepancy between actual and calculated 
values disappears. In the table, column A gives values of the first 
term of (21) and B gives values of the second term, each being obtained 
from the saturation constants of Table II. 


* KuENEN and Rosson: loc. cit. 


V2 
dp 
v, 
3. | 3. 3. | a 
} Prve PRU’ 
030 | 891 | O85 | 840 | 080 6-48 Rs 
0°35 887 | 060 | 817 | 085 5-76 ; 
040 | 880 | 06 | 788 | 090 4-82 i 
0-45 8-71 0:70 | 751 || 0-95 3-50 
0:50 | 8-58 075 | 705 100 | — 
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Taste VI. 


L 
Modified Equation. 


0-496 


0:549 13-92 6:84 20°76 
0-598 13:16 6°92 20°08 
0-643 12°44 6:90 19°34 
0°685 11-75 6°86 18°61 
0-725 11:07 6°73 17:80 
0:762 10°37 6:53 16:90 
0-797 9°66 6:28 15°94 
0-830 5°94 14:85 
8:10 5°54 13°64 
0°892 7°22 5°05 12:27 
0°920 6°24 4°45 10°69 
0-948 5:08 3°69 8-77 


| | 
0-975 3-59 | 2-64 6°23 


6. On THE SpEctFic Heat or SATURATED VAPOURS. 


In one of the papers to which reference has already been made (§ 1) 
the present writer used vAN DER WAALS’s equation to investigate the 
behaviour of the specific heat of saturated vapours as a function of the 
limiting value of the ratio of their specific heats. As data were then (and 
still are) lacking by means of which the conclusions reached could be 
tested directly, an endeavour was made to obtain an experimental curve 
from the isopentane isothermals under a certain assumption regarding the 
behaviour of the specific heat at constant volume. That assumption has 
been criticized * as being not in accordance with the law of corresponding 
states, and it has, therefore, been abandoned in the following treatment 
of the problem. Specific heats are first obtained by means of the modified 
equation (which has been shown to approximate more closely to ex- 
periment than the vaN pER WAALS equation), and an experimental 
curve is then obtained from the isopentane isothermals, using the 
KAMERLINGH ONNES equation of state for determining the change of 
C, with volume. 


* H. Kameruincu Onnes and W. H. Kersom: Die Zustandsgleichung, Encyc. Math, 
Wiss., v. 10, 937 (1912) or Comm. Leiden. Suppl. No. 23, p. 323. 


| 
L 
3. A. B. 
Pree 
14°75 6°61 21°36 
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If C, represents the specific heat of the saturated vapour we may write 


dp dv, 


C, = C.+ Tyr dT (22) 


while C, is connected with C,, by the relation— 


v 
0? 
C,=C,, 
x 


We may also write— 


Rx 


: 
Yo —1 


Ux 


Combining these results we find for the specific heat of the saturated 
vapour in terms of reduced magnitudes— 


R, § | or 
0 


Along the inversion curve C, vanishes ; its equation is therefore given by— 


(26) 
dx dw, 
dd § 


so that the inversion curve becomes— 


1 (29) 


Bw 


ds \3w—1 8w?* 


The right-hand member of the equation was evaluated from the constants 
of Table II., and the following results were thus obtained :— 


Ye = 
4 
0 
From equation (9) we find— ; 
0 8 
: 
and— 
3 
2 
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Taste VII. 
Inversion Curve: Modified Equation. 


3 | 3. | Ya: 3. 
0-496 1-066 0-725 | 1099 | 0-892 1-083 
0-549 1-075 0-762 | 1100 1-920 1-073 
0:598 1-083 0-797 | 1099 | 0-948 1-060 
0°643 1:090 0830 1096 | 0-975 1:043 
0-685 1-090 1-000 1-000 


To obtain the experimental inversion curve, isopentane was again taken 
as a typical normal substance and equation (26) was applied to it in the 


unreduced form— 


(26’) 


The second term of the denominator has already been evaluated by 
Dieterict* for isopentane, and his values have been used. The other 
term, which occurs only as a small correction, was evaluated by means of 
the KamEerLiIncH ONNES mean reduced equation.| According to that 
equation the product, zw, is expressed as a finite series of inverse powers 


of the reduced volume— 


where B, C, D, ete., are expressed as polynomial functions of the 
temperature. The complete equation has five such ‘“ virial-coefficients,” 
but for the present purpose the three given above were sufficient. 
k is the critical constant RT, 
Px 
We now find, to the degree of paraicis required— 


d? (BS) + d2 # 94+ d? (D3) (31) 


and from this we easily obtain the correctional term— 


* C. Drerertcr: Ann. d. Phys. 12, 602 (1903). 
+ KameriincH Onnes and Kegsom: op. cit. p. 729. 


R 

dp du, 
of +T aT 
ora) 
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From the constants given by KAMERLINGH OnNEs and KegEsom (loc. 


cit.) this expression was evaluated along the isopentane saturation line. 


the DreTerici values are a little irregular at the critical part of the curve, 
they were smoothed graphically before being used. 


are given in cal/° C. and are for the gram-molecule. 


VIII. 


Experimental Inversion Curve. 


In each case figures 


3. 0 dv (smoothed). | Vins 
0°636 05 — 24:0 | 1-085 
0°679 0-7 —22°7 1-099 
0°723 1:0 —21°3 1-098 
0°766 1:3 —19°8 | 
0°809 16 —19°1 1-113 
0°831 18 —19°4 
0°853 19 —19°8 Pit 
0°875 271 —20°6 1-107 
0°896 2°3 —21-9 110! 
0-918 2°6 — 24:0 1:093 
0-940 2°9 —28°2 1:078 
0-961 — 34:8 | 1-063 
0:983 38 —53°8 
0-994 4:4 —114-4 
1-000 — 
1-00. 
g 4 
a 
A Cue 
o7 
o6 
os 
| jo 
10) 102 103 1os 10 407 18 109 ‘fo 
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Both curves (Fig. 3) exhibit the same general features as those 
previously obtained—for y, greater than a certain critical value, C, is 
negative for all values of 3; for smaller values of y,,, we have C, becoming 
negative, zero, positive, zero, and again negative as $ increases towards 
unity; the two inversion temperatures are further apart the lower the 
value of y,. , and they coalesce at the critical y,,. But this critical value 
is somewhat smaller than expected, and, if the values previously quoted 
for y, are correct, would seem to exclude the possibility of inversion 
occurring with Acetone, Benzene, and Chloroform, for which it has actually 
been observed. But it is quite possible that the values of y which were 
then used were obtained under conditions not sufficiently far removed 
from the state of saturation to allow of their being regarded as identical 
with the state of a perfect gas, The Wirpemann y for Benzene, for 
instance, was 1129, while a more recent determination by STEVENS * 
gives (at + 100°C.) 1°105; according to the present curves the former 
value would render C, always negative, while the latter would give in- 
version at 2=0°75 and 3=0°88. For isopentane, for which y,_ is 
probably 1:08, the experimental curve would give inversion at $=0°61 
and 2=0°74, values which are, as one would expect, almost identical 
with those deduced by Dieterici from his own experiments in con- 
junction with Youne’s isothermals. But the paucity of experimental 
data for both y, and C, renders it impossible to test the quantitative 


value of the foregoing conclusions. 


October, 1913. 


* IE. H. Srevens: Ann. d. Phys, (4), 7, 285, 1902. 
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A NEW MIMICRY PLANT. 


(MESEMBRIANTHEMUM LAPIDIFORME, Marl.) 


By R. 


(Received and Read October 16, 1913.) 


The species resembles in the shape of its leaves M. Bolusii, but the 
flowers are quite different, and, as a matter of fact, unique in their mode 
of insertion and attachment. During the dry season (November—March) 
the plant consists merely of one pair of leaves, each one shaped like a 
tetrahedron, with rounded edges and points, the two bodies being pressed 
against each other with their bases. In nature these leaves are of a 
brownish-red colour and closely resemble the angular pieces of brown 
shale and sandstone between which the plants grow. As they are half- 
buried in the ground théy can be detected only with difficulty, even in 
localities where their occurrence is known. 

In winter, when rain has fallen, a new pair of leaves appears between 
the old ones, forcing them apart, and in spring two opposite flowers 
are produced from the central axis just outside the junction of the old 
leaves, not between them as in M. Bolusit and other members of the 
section Aloidea. These flowers are peduncled, the peduncles bearing 
two fleshy bracts near their base. The connection between the base 
of the peduncle and the plant is very thin, about 4 mm. only. This is 
obviously an adaptation to the dispersal of the ripe seed-vessel, which 
becomes easily detached at this spot, to be carried away by the wind. 
At that time (beginning of summer) the old leaves have shrivelled up, 
the new pair has assumed the colour of the surrounding stones, and the 
plant remains dormant until the winter brings rain again. 


MESEMBRIANTHEMUM LAPIDIFORME, spec. nov. (Sect. Aloidea). 


Planta acaulis. Folia 2-4, crassa, brevissima, triquetra, subtus plano- 
convexa, superne obtuso-carinata apice obtusissimo. Flores 2, laterales, 
oppositi, pedunculati, bibracteati. Sepala 6; petala linearia, alba, sepalis 
longiora. Stigmata 6. 

11 


( 137) 
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Leaves nearly tetrahedral in shape, 30-40 mm. long and broad, flat 
or slightly rounded below, with a blunt keel on the upper side and a 
very obtuse apex. Surface finely granulated from the numerous idio- 
blasts embedded in the green tissue. Colour of old leaves brownish-red, 
of the young pair, which appears in winter, glaucous. Flowers opposite, 
pedunculate ; peduncle 25-40 mm. long, bringing the flower just above 


Mesembrianthemum lapidiforme, Mar). 


Entire plant, consisting of one pair of old leaves (brownish-red), one pair of young 
leaves in the centre (glaucous), and 2 flowers, the front flower showing the peduncle 
with its 2 fleshy bracts. Nat. size. 


the surface of the soil. Calyx 6-lobed, the sepals 12 mm. long, the 3 
innermost with a hyaline margin and a gibbous apex. Petals linear, 
15-18 mm. long, white, spreading or erect. Stamens in several rows, 
spreading, the filaments pink, the pollen yellowish-white. Stigmas six. 

Discovered by Capt. E. Alston, in the Ceres Karoo, flowering 
September, 1913. Herb. Marloth, No. 5277. 
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NOTE ON A THEOREM OF PH. GILBERT’S REGARDING 
THE DIFFERENTIATION OF A SPECIAL JACOBIAN. 


By Tuomas Muir, LL.D. 
(Received November 5, 1913.) 
1. The theorem in question is the subject of a memoir presented to the 
Belgian Academy in 1869.* As stated by its author, it may be formulated 


as follows: Jf f,, f,, ..., f,, be functions of u,, u,, ..., u,, and if the latter be 
implicit functions of two sets of independent variables 


and be such that 


where each 9 is an explicit function of the u's, then 


d 


far fu) _ fies fas Fur 


2. For the sake of clearness, and, indeed, of accuracy, it would have 
been better not to have used in the concluding equation the same sub- 
scripts » and 7 as are used in the hypothetical equation, unless an indica- 
tion were given on both occasions as to the range which each of them 
was understood to cover. Doubtless what Gilbert had in his mind could 
have been expressed by annexing to the hypothetical equation the 
explanation ; 


* Sur une propriété des déterminants fonctionnels, et son application au développe- 
ment des fonctions implicites. Nowv. Mém. de l’Acad. roy. de Belgique, xxxviii. 
pp 1-12. 


(139 ) 
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and by using in the concluding equation y, 7 in place of p, 7 with the 
explanation 


yv=1,2,. | 
p=] 


g=l, 3, ..., 


The theorem would then have been satisfactory on the score of accuracy, 
the n? given equations being sufficient to ensure the validity of the n° 
resulting equations. It would still, however, have been lacking on the 
score of definiteness, because of the failure to indicate how many of the 
given equations were necessary for the validity of any particular one of 


the resulting equations. 


3. Very probably this neglect arose from the fact that the author was 
concerned with a particular application of his theorem, namely, towards 
the generalization of Lagrange’s expansion of F(w) in a series of ascending 


powers of « when 
u=at+af(u), 


and that the enunciation in question sufficed for the purpose he had in 
view. Probably also this accounts for the care taken to specify in the 
enunciation certain functions as being explicit and certain others implicit. 


pc 4. Gilbert’s memoir, however, calls for attention altogether apart from 
? these considerations, the proof which he adduces in support of his 
theorem being far from satisfying. What he gives is merely a verifica- 
tion of the three simplest cases, with the second case resting on the first, 
and the third on the first and second. In many instances this might be 
quite convincing as forming the basis of a proof by the method of so-called 
‘ mathematical induction ’ : but here it is not so. 
The purpose of the present note is to effect an improvement under 


a3 both the heads mentionéd. 


5. When divested of all superfluities the theorem is: If the differential 
coefficients of Y1, Yo, «++, Y, with respect to x be proportional to the diffe- 
rential coefficients with respect to &, the common ratio being R, and if the y’s 


be also functions of w,, W., ... W,, then 


Yn) | 


dx V(w,, w., ...,w,)! ..-, W,) 


In the proof of it we shall take n= 3, not, as will be seen, because the 
method is lacking in generality, but merely in order to save space in 


writing. 


{ 
ii 
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Looking first to the right-hand member, we see that the differentiation 
there indicated with respect to & gives 


DR Yar Ys) § Yor Ys) 


and that the Jacobian following this having )R/dé for the element in the 
place 4,4 may be partitioned into two parts, one consisting of those 
terms of the Jacobian which involve the element )R/dé, and the other 
being the aggregate of the terms which are independent of JR/d~. The 
former, however, is equal to 


Yor ¥3) OR, 


Y(w,, W2, W;) dE 


and so of the four expressions thus obtained, the first and third cancel 
each other, leaving the right-hand member transformed into 
ROS Yor Ys) Ys (a) 
dé | A(w,, w,, w) Ww, Ww, Ww, 
We We 
w, 
dy, 
dw, ow, dw, 
oR MR OR 


ww, dw, dw, 


Turning next to the left-hand member, and using Jacobi’s theorem 
regarding the differentiation of a determinant, we can express it as the 
sum of three determinants, the first differing from 0(y,, Yo, We, W3) 
in having the operational symbol )/dz prefacing every element of the first 
column, and the second and third having the same change made on the 
second and third columns respectively. This sum we may indicate by 

Wr 
Iwdw, dw, dw, 
dy. Wo 
dw, ww, 
d dy, dy, dy, 
ow, Ow, . 


But now every one of the elements here which involve differentiation with 
respect to x is transformable as follows :— 


doy, dy, 
dw, or 
IR dy, 
dw, dé dw, dé 
- 
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and consequently each of the three determinants is partitionable into two 
determinants. These six, however, may be combined into two triads, one 
being representable by 


MY; 


dw, 


dw, dw;| 


dy, OY; Ws 
Edw, dw, 


vg 
We We 
dé 
d 
d 


and the other by 


dy, Ww, dy, 
dw, dw, dw, | 


dR dy, We We 
dw, dw, dw, 
DR dy, 


A further step is then suggested, the former triad being, by the above- 
mentioned theorem of Jacobi, the equivalent of the first part of (a), 


namely, 


Yor Y3). 
dEI(w,, W;)’ 


and the latter triad being condensable into the four-line determinant which 


is the second part. 
The theorem is thus established. 
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A CURIOUS MOSQUITO. 
By G. A. H. Beprorp, F.E.S. 
(Received October 30, 1913.) 


The following is a description of a specimen of Culer theileri, 
Theobald, which appears to be half a female and half a male, caught at 
Onderstepoort, near Pretoria, on September 24, 1913, in a mosquito 
trap. A very large number of mosquitoes are caught yearly in the 
mosquito traps; of these about 99 per cent. are females. Whether this 
mosquito would have been able to suck blood or not I am not able 
to state. I fancy not, because from the 16th of September to the 
27th there were 153 specimens of C. theileri caught in the mosquito 
traps, all of which were engorged, the mosquito in question was 
unengorged. ‘ 

The mouth parts I have not examined for fear of damaging the 
specimen. 

Antennae.—Right antenna (typical of the male) 15-jointed, plumose, 
banded with dark brown and grey. Left antenna with the plumose hairs 
not so long as in the right antenna, the basal joint is testaceous with 
a few white scales, the second joint also bears a few white scales on the 
inner side (typical of the female), also the joints are straight and not 
knobbed at one end as in the right antenna. 

Palpi.—Right palpus (typical of the male) long, with a narrow white 
band on the first joint, a line of white scales on the venter of the 2nd 
and 3rd segments at the base and near the apex of each, the apical lines 
longer than the basal ones. Left palpus (typical of the female) short; 
black with white scales. 

Proboscis.—Deep brown, light in the middle. 

Head (typical).—With narrow-curved creamy scales, and with dark 
brown upright-forked scales, also one or two creamy ones; flat white 
scales at the sides, brown bristles around the eyes. 

Thorax (typical).—With narrow-curved golden scales, which become 
paler at the base and at the sides, also a few black and brown bristles. 
Pleurae.—Brown, with patches of white scales, 
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Scutellum.—With pale narrow-curved scales and two rows of border 
bristles, the longer ones brown, the shorter ones pale. 

Abdomen.—First segment with two patches of scales in the middle, 
one patch white scales, the other white and black scales; 2nd to 7th 
segments with basal triangular spots, the 6th and 7th segments also 
with narrow apical white bands, the 8th segment white scales. All 
the segments have a few white scales at the sides except the 1st segment. 
I can detect no male genitalia. 

Legs (typical).—Dark brown, femora and tibiae, with lines of white 
scales. 

Ungues.— 
Left. Right. 
Fore, equal and simple unequal and uniserrate 
Mid - 
Hind ” equal and simple. 

Wings.—Left wing (typical of the female), the first sub-marginal cell 
longer and narrower than the second posterior cell ; its base is nearer the 
base of the wing than that of the second posterior cell ; its stem is about 
} the length of the cell. Right wing (typical of the male), the first 
sub-marginal cell is longer and much narrower than the second posterior 
cell, their bases are equidistant from the base of the wing; stem of the 
first sub-marginal cell nearly 4 the length of the cell; stem of the second 
posterior cell about as long as the cell. 
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THE TRIPLE STELLAR SYSTEM ¢ VIRGO AND 31757. 
By R. T. A. INNEs. 
(Received November 14, 1913.) 


The well-known double-star 21757, which is a probable binary pair 
with a period of about 300 years, is 25*7 preceding and 17’ N. of £ Virgo. 
According to Boss’s Preliminary General Catalogue of Stars { Virgo has 
an annual proper motion as follows :— 

= —0*191 = + 0'034. 


On a great circle this is 0’-288 towards 276°'8. 

Within the errors of observation, this also appears to be closely the 
proper motion of 21757. The observations found and reduced to 1900, 
both without and with proper motion, are as follows :— 


| 


| 
| With 
Name. Date. Obs. Without P.M. PM Without P.M. PM. 


| 
1798°3 13> 29™ 11°91 | + 0°11'50''°7 | 
| 1800-0 | 5 53 | 
1822-3 | 
1825°4 | 
1840-0 
1843°6 
1855-4 
1861-4 | 
| 1870-8 
1875°6 


56 


w 


mim | | 


In cases where the original star catalogues were not available, the data 
were taken from either the Cincinnati Publications (Porter) or the A.G.C. 
(Nicolajew). This table seems to be fairly conclusive that these three 
stars form a ternary system, but 21757 has perhaps a smaller proper 
motion in right ascension than ¢ Virgo. 

The Harvard photometric magnitude of ¢ Virgo is 3°44 and its 


( 145 ) 

Nicolajew ............... | 1884°4 i 

Radcliffe .................. | 1889°0 

| 
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spectrum, class A2; the combined magnitude of the double-star » 1757 
is 7:36. The galactic co-ordinates of £ Virgo are :— 


A=270° 19' 6=+61°0' »=21°9' 


and 
py = = +0135 


with 


= 0-288 towards 297°-9. 


Its distance d from the solar apex is 70° 44’, and y the position angle of 
the great circle drawn through the star to the solar apex is 58° 2’; from 
these we find + the component of proper motion perpendicular to the 
plane through the sun, star, and apex, and therefore independent of 
the solar motion to be equal to +0''181 and —» the motion in the plane, 
and increasing the angular distance from the solar apex to be + 0'225. 
Adopting as applicable to this system Dr. Campbell’s average parallax 
for stars of class A2, viz., 0'°01, the present angular distance projected on 
to the tangent or visual plane corresponds to a distance of about 100,000 
units,* which is probably too great. It will be remembered that a Cen- 
taurus is about 270,000 units distance from the solar system. No deter- 
mination of the radial velocity of Virgo has been found, 

Although it is now well known that stars in all parts of the heavens are 
travelling in several streams, or, in other words, that widely scattered 
stars can be grouped in communities of similarly directed motion, cases of 
> stars close together in the sky but too widely apart to be classed as 
ce double stars, that is, with distances exceeding 2’ but within a degree or 

so, and travelling together with a large proper motion—and any proper 
4 motion over 15" in a century must be considered large—are sufficiently 
a rare. Other cases are the two double-stars «Toucan and Lacaille 353, 

which are 320’ apart, and have a common proper motion of 0''°407 

towards 86°-2; and A Ophiuchus (a double-star) and Bradley 2179, which 
are about 800” apart and have a common proper motion of 1'-250 towards 
+4 204°°5. A good example of stars widely separated, but with a proper 
motion so large and unusual that they can at once be picked out, is 
furnished in the case of {Reticulum (a wide double-star) and 
e Eridanus, viz. :— 


Har.mag. guect R.A. 1900. Dee. Proper Motion. 


| 
Reticulum ...... 5°48 | G — 62°57" + 0195 +. 0'-68 
Eridanus......... 430 | G5 3 15 — 43 27 +0 -282 +0 °75 
Reticulum ......| 5:16 | F8 3 16-0 - 62 53 + 0-192 +0 -69 


* The unit is equal to the mean distance of the earth from the sun, 


JOHANNESBURG, Oct. 30, 1913, 
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PRELIMINARY NOTE ON SOME PHREODRILIDAE FROM THE 
WELLINGTON MOUNTAINS, SOUTH AFRICA. 


By E. J. Gopparp, B.A., D.Se., Zoology Department, Stellenbosch. 
(Finally received December 6, 1913.) 


In this brief note I record the existence of several species of Phreo- 
drilids from Sneuw Kop, near Wellington. They were obtained at a height 
of about 4,500 ft. Although they have not been investigated anatomically 
yet, it is clear from the body form and the nature of the setae that several 
species are represented. 

One form is much larger than any of the previously described forms 
from South Africa, and its ventral setae are all simple, with no indication 
of a notch. Several smaller forms are characterized by ventral setae, 
one of which in each bundle is markedly notched. In another small form 
all of the ventral setae of the anterior two-thirds of the body are small and 
simple, with no indication of a notch, while in the posterior body region 
the setae are much larger and one of each bundle is strongly notched. 

It is of some interest that the writer has never yet failed to obtain 
representatives of the family on any of the south-western mountains above 
3,000 ft., but has not yet obtained any representatives on the low land. 

It is hoped to obtain many more representatives when the biological 
survey of the mountains has progressed further. 

One other point of interest is that all the South African forms yet 
obtained have been taken on mountains separated from each other by 
only a few miles, and on no mountain has a species occurring on its neigh- 
bour been discovered—a fact not without significance in its bearing on 
the problem of distribution of the family. 
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ON THE SIGNIFICANCE OF THE SOMITIC CONSTITUTION, 
BODY FORM, AND GENITAL APERTURES IN THE 
HIRUDINEA, IN REFERENCE TO THE ARTHROPODA. 


By E. J. Gopparp, B.A., D.Se., Zoology Department, Stellenbosch, S.A. 


(Finally received December 6, 1913.) 


The main object of this paper is to detect a meaning in the constancy 
of the somitic constitution, and in the position of the genital apertures of 
the Hirudinea. 

Since writing the original description of the genus Semiiageneta the 
author has been much exercised over its peculiarity in regard to the body 

% abbreviation. With the exception of this genus and Acanthobdella the 

i Class Hirudinea is wonderfully compact considering the variety of habitat 

and media. Acanthobdella was more easily eliminated from the field of 

investigation owing to markedly intermediate characters as linking up 

Hirudinean and Chaetopodan morphology--or rather Oligochaetan mor- 

re phology. Thus the unique position of Semilageneta was accentuated, for 

Acanthobdella shows much less aberration in regard to the external body 

form, and as the rest of the class is so compact and so constant in regard 

to the somitic constitution inquiry was stimulated towards the explanation 

of this peculiar position. , 

The results embodied in this paper, if correct, may merit importance, 
since, while explaining the external body form of Semilageneta and re- 
establishing understanding and uniformity within the Class Hirudinea 
they serve to explain the significance of this apparent aberration. 

Did no such form as Semilageneta exist, the suggestions offered might 
not, perhaps, entice serious consideration ; but as in so many other groups, 
a single genus has given the clue. Such cannot be dismissed at once as 
ultra-speculative, but merit at least some consideration from the fact that, 
starting from Semilageneta, we find a series of gradations in regard to the 
body form right through the class. Further, they serve, on extra-Arthro- 
podon grounds, to uphold the continuity and “ naturalness ”’ of the phylum 
Arthropoda, and to link that phylum more closely to existing Annulata, 
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The Hirudinea includes a large number of genera and species which 
show, on the whole, a marked homogeneity of plan. 

Perhaps the most noticeable of these common features concerns the 
constancy in the number of somites constituting the body and in the 
development of suckers, together with the absorption of a definite number 
of body somites into those suckers. The annulation of the somite seems to 
be most reasonably explained as the result of a localization of the ‘‘annuli”’ 
areas of the somite, bound up with the restriction of the ganglia of the 
ventral nerve chain, and the necessity for an extension of the body by 
some means other than the increase in the number of somites. 

However, the constancy in the number of body somites is so charac- 
teristic that we must regard the ancestral form as having been similarly 
constituted. 

As regards the ancestral form there can be little doubt that it was of a 
Chaetopodan nature and provided with 33 or 34 somites. 

Of these the posterior seven have throughout the group given rise to 
the posterior sucker. Eliminating Acanthobdella, the only form which has 
been suggested as being aberrant in this respect is Semilageneta ; but 
reasons are brought forward later to indicate that such aberration does not 


exist. 
Further, between the fused ganglionic masses of the anterior and 


posterior extremities there are 21 ventral ganglia, indicating a similar 
number of somites. 

In the Ichthyobdellidae the genital apertures are situated at the base 
of the neck. The constitution of the neck and body regions is well shown 
in such a form as Pontobdella macrothela :— 


Somite. 


Annuli. 


” 


$00 


“ vii-xvii ”’ 


“ xviii ”’ 


These somites are reckoned independently of the capula. This latter 
structure certainly represents a number of fused somites, but the annula- 
tion is not distinct. At the present stage I am not prepared to accept any 
of the constitutions of this anterior region of the body as laid down by 
various authorities until I have again investigated the nervous system of 
these parts. At the same time I feel justified in venturing an opinion 
based on the somitic constitution of the genus Ozobranchus. In O. bran- 
chiatus (Hirudo branchiata, Menzies, 1791), which occurs as a parasite on 
Chelone midas, the neck region of young individuals consists of eight (8) 
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somites, the intimacy of the connections of the annuli enabling the limits 
of the somites to be easily made out. Each somite consists of an anterior 
annulus which is twice the size of the posterior small annulus, and so 
reminding one of the biannulate somite of Microbdella. Particularly in the 
posterior region of the neck there is distinct indication of the division of 
the large anterior annulus, and so foreshadowing the triannulate somite. 
The anterior extremity, or head, is devoid of transverse annulation, and in 
all probability represents a number of fused anterior annuli as in the case 
of the Ichthyobdellidae in general. At the same time it is to be noted 
that no “capula”’ is differentiated as in other Ichthyobdellidae; which is 
surprising since the genus resembles Branchellion so closely in the dif- 
ferentiation of the neck and trunk regions that this species, the first known 
of the genus, was included in the genus Branchellion. The anterior 
extremity is furrowed distinctly by longitudinal grooves, which may be 
regarded as an expression of subdued annulation. If such is the case, then 
we have here the initial stages in the differentiation of the anterior 
extremity of the leech body to form the Ichthyobdellid capula. 

In Ozobranchus, then, we have a neck region consisting of eight (8) 
somites, and in front of this an area representing, in all probability, the 
‘“‘capula”’ of other Ichthyobdellida. In this connection it is interesting 
to note that this genus shows a primitive condition also in regard to the 
somite which is distinctly biannulate in the neck region, tending to 
become triannulate in the posterior part of the same region, and becoming 
distinctly so in the trunk region, particularly in adults. 

From these facts it is reasonable to suggest that the neck and capula 
of the Ichthyobdellida correspond to eight plus several (8 + several) 
somites. Since the genital apertures are situated at the base of the neck, 
they would fall most probably in somites x and xi, or in somites xi and xii 
respectively. However, since the Glossiphoniidae and Ichthyobdellidae 
are classed as Rhynchobdellidae versus the Arhynchobdellidae (Gnathob- 
dellidae and Herpobdellidae) it is logical to conclude that the position of 
the pores would correspond to that in Glossiphoniidae ; especially so as the 
pores correspond in position in the Gnathobdellidae and Herpobdellidae ; 
and for reasons later suggested in this paper. 

The genital apertures are usually placed by other workers in somites 
x, xi, and later reasons are brought forward to show that this position is 
constant throughout the group. 

In the Glossiphoniidae, as represented by Glossiphonia and its allies, 
there is a slight variation in the absolute and relative positions of the male 
and female genital apertures. As I have pointed out previously (Linn. 
Soc., N.S.W.), we are in a position to trace the original disposition of the 
pores. The various species and genera all agree in regard to the female 
uperture which is situated, in all except G. heteroclita, between the second 
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and third annuli of somite xii. In regard to the male orifice, we can sub- 
divide the various representatives into three groups in which respectively 
this pore is placed (a) between somites xi and xii (b) between annuli 1 and 
2 of somite xii, and (c) between annuli 1 and 2 of somite xii and coincident 
with the female pore. In group (a) the male and female pores are in 
consecutive somites and separated by two annuli; in group (b) they 
are situated in the same somite and separated by one annulus. From the 
fact that in practically all known members of the Hirudinea the orifices 
are situated in consecutive somites, we can safely conclude that the 
primitive condition in the Glossiphoniidae was that now indicated in 
group (a); that is, the male pore in somite xi and the female pore in 
somite xii. This conclusion is based to a large extent on the affinities of 
these three groups of triannulate genera, and receives special support from 
the fact that in the biannulate genus Microbdella the pores are similarly 
situated, and furthermore are separated by two annuli as in group (a). 

In the Herpobdellidae the genital apertures are very constant in 
position, lying in somites x and xi respectively. 

In the Gnathobdellidae they lie in a similar position. We have now 
to consider a few genera which show a marked contrast to the other 
Hirudinea in regard to the genital apertures. 

In the genus Semilageneta (mihi), which I originally placed pro- 
visionally in the Glossiphoniidae, there is a great ‘ reduction’”’ in the 
number of body somites. Unfortunately, owing to the loss of the specimens 
before any of the internal anatomy had been investigated, I had to limit 
my remarks on the somitic constitution of the body to the external 
morphological characters. 

Only one genital aperture was made out, namely, on the 21st annulus, 
that is on the last annulus of somite viii. At the time I placed this genus 
in the Glossiphoniidae I felt that the anterior region differed so much from 
that of all other members of the G., and further that the small number of 
somites visible externally was so unique that I anticipated the removal of 
the genus when it should have been investigated anatomically. 

Again, the somitic constitution was so plainly made out externally that 
I was able to show conclusively that, unlike all other members of the 
Glossiphoniidae, this genus had the sensory and primitive annulus of the 
somite anterior to the non-sensory annuli. This again is exceptional, 
since in most Hirudinea the sensory annulus is either the middle or 
potentially middle annulus of the somite. 

It was at first suggested that in this case, since only twenty or 
twenty-one somites were represented in the body region, the remaining 
somites were all to be found in the posterior sucker, that is, thirteen or 
fourteen instead of seven. Such is hardly likely, when it is borne in mind 
that the somitic constitution of the body region in Semilageneta corresponds 
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exactly to that portion of the Ichthyobdellid leech lying between the 
capula and posterior sucker. It seems, then, more reasonable to conclude 
that the capula region has been absorbed to form the prostomium of 
Semilageneta in which a postomial region is quite distinct anterior to the 
first somite. 

In Acanthobdella peledina, which has been thoroughly investigated by 
Livanow, the apertures are found between somites ix and x, and in x 
respectively. Further, the number of somites visible externally is 
reckoned as twenty-nine potentially by Livanow, and the eyes and setae, 
with the exception of the last groups of the latter, are placed on the first 
annulus of the somite. The last group of setae and the sensory organs of 
the body region, that is that portion lying behind the fifth somite, are 
situated on the second annulus of the somite. 

It would, then, seem that in Arhynchobdellidae the male and female 
pores are situated in somites x and xi respectively, whereas in the 
Rhynchobdellidae they are situated in xi and xii, that is one somite behind 
the corresponding pore in Arhynchobdellidae. 

All workers on the Hirudinea concede that the number of somites is 
constant in all representatives of the group, although they fall into one or 
the other school of thought as to whether that number is thirty-three or 
thirty-four, the main point of disagreement being the number of somites 
represented in the head region. 

Now, it is interesting to note that the somites visible externally, that 
is, those anterior to the posterior sucker, are readily reckoned as twenty- 
seven (27) in Glossiphoniidae, and as twenty-six (26) in Arhynchobdellidae. 
This would seem to indicate that the difference by one somite in the 
position of the genital apertures is bound up with the difference by one of 
the number of somites visible externally, especially so as all workers will 
concede that seven (7) somites are potentially represented in the posterior 
sucker of the Glossiphoniidae and Arhynchobdellidae. This being the 
case, we may suggest that the position of the pores are identical in these 
groups, and that the pores are situated in somites x and xi or in somites 
xi and xii respectively. 

Again the genital apertures, whether they be regarded as situated in x 
and xi or in xi and xii, are always to be found in the seventeenth and 
sixteenth somites respectively in front of the posterior sucker in 
Gnathobdellida, Herpobdellida, Glossiphoniidae (other than Semilageneta) 
and Ichthyobdellida. This certainly suggests a common position for the 
genital apertures. 

Before passing on to consider the significance of the preceding 
remarks, it is to be noted that the Hirudinea show a remarkably 
constant progoneate character and appear to be an ancient compact 


group. 


‘ 
‘ 
ai 


Significance of the Somitic Constitution, ete., in the Hirudinea. 153 


We now pass on to consider the possible relation of the foregoing 
remarks to the Arthropoda. 

The question as to whether the phylum Arthropoda with its apparently 
varied segmentation, progoneate and opisthogoneate characters, excretory 
and respiratory systems, constitutes a natural group is to a large extent 
answered by the apparently fundamental similarity in its various classes in 
regard to the number of segments. 

This can be made out in all of the classes, although in all except the 
Insecta we find numerous variations due either to the absorption or 
addition of segments. 

The Malacostraca, Xiphosura, Scorpionida, Insecta, Symphylid Myria- 
poda, and some species of’Peripatus (those bearing 14 pairs of walking 
legs) can be made out with good reason as having a body constituted by 
twenty-one segments, together, in many, with a telson. 

This is no dogmatic attempt to state exclusively that all the various 
divisions of the phylum are necessarily monophyletic, but rather an 
attempt to show that there is good reason for believing that a funda- 
mentally similar somitic constitution traverses the phylum, and conse- 
quently that we can regard the phylum as descended from ancestors 
possessing 21 somites. There is certainly strong difference of opinion 
in regard to the somitic constitution of the Arthropodan head, but as 
this will not leave a bigger indiscrepancy than one segment when the total 
is made up, a discussion of the same can be omitted here since it does not 
fundamentally concern the substance of this paper. 

For a long time it was thought that the Entomostraca—more par- 
ticularly the Phyllopoda—necessarily constituted the primitive types of 
Crustacea, but a study of the variation in segmentation in primitive 
Trilobita passing upwards from the Cambrian, and the early appearance of 
the Merostomatous Arachnida, with their constant number of somites, are 
strong arguments against such a conclusion in regard to segmentation. In 
Copepoda and Cirripedia we get an approach again towards a constant 
number of postcephalic segments, and although this number may not agree 
absolutely with that for the Malacostraca, yet it supports the idea of a 
constant somitic constitution rather than the varied segmentation of the 
Phyllopoda, and, further, the number of thoracic segments is practically 
similar in Copepoda and Cirripedia. We may see in the presence of more 
than one pair of appendages in an abdominal segment of Apus a beginning 
in the increase of the number of segments, andin the Ostracoda and 
Cladocera an absorption of segments just as easily accomplished as the 
degeneration of the abdomen in Cirripedia and the loss of segmentation 
in the parasitic Copepoda. 

The same variation from the fundamental number of segments laid 
down for the phylum will be found in all the other classes. Perhaps the 
12 
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least variation occurs in Insecta. In Myriapoda and Arachnida it is inter- 
esting to note that the orders showing the 21 somites are just those which, 
either on anatomical or palaeontological grounds, are regarded as being the 
more primitive of their classes. 

There are, then, strong reasons for believing that the Arthropodan is 
primitively and fundamentally constituted by 21 somites. 

In the Arthropoda we find both opisthogoneate and progoneate forms, the 
former including Peripatus, Chilopoda, and Insecta, the latter including 
Crustacea (fundamentally), Diplopoda, Pauropoda, Symphyla, and Arach- 
nida. Such a character must have some significance, and it is of someinterest 
that the Myriapoda fall into two divisions in regard to this character—a 
fact supporting a widely accepted idea that this group is not monophyletic 
within itself, especially when it is borne in mind that there is homogeneity 
in this respect in such Arachnida as the Xiphosura and Araneida, which, 
although they are generally placed in the same class, yet differ very much 
from each other in their respective alliances with aquatic and terrestrial 
Arthropoda. 

Further, it will be found that the genital apertures in the progoneate 
forms of Arthropoda agree wonderfully closely in position, according to 
the scheme of a similar somitic constitution. What slight displacements 
do occur do not by any means exceed those to be found within several 
families of the Oligochaeta, where at the same time they are regarded 
more or less as characteristic of the family. Ifthe positions of the genital 
apertures are to be regarded as being so uniform and of any importance, 
we are forced to one of two conclusions. 

1. That the progoneate Myriapoda and the terrestrial Arachnida have 
evolved such structures as Malphigian tubules and tracheae independent 
of the Opisthogoneate forms (which are all terrestrial and form an easily 
understood group), if the Merostomata are to be grouped with other 
Arachnida in one class. 

2. That all the aquatic, and terrestrial descendants of the phylum have 
been evolved from ancestral stock which was aquatic and was characterized 
either in reality or potentially by progoneate and opisthogoneate conditions. 

The opisthogoneate condition has asserted itself in Peripatus, Chilo- 
poda, and Insecta. In this way the classes of the phylum can be made 
monophyletic, and the difficulty re the double evolution of Malphigian 
tubules and tracheae is avoided. 

Such an ancestral stock would, on the lines suggested, be characterized 
by annulate characters approaching those of the Chaetopoda, and would 
consist of 21 somites. 

The occurrence of phleboedesis throughout the phylum Arthropoda is 
so constant that we must regard the presence of a haemacoele of a similar 
nature in the ancestral annulate stock from which the Anthropoda, arose, 
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Such a reduction of the coelome by a dilatation of the blood system was 
discovered by Benham in the Polychaete genus Magelona. In the Hiru- 
dinia the so-called coelome is represented either by sacs lined by a de- 
grading epithelium as in Clepsine and Herpobdella, or by sinuses as in 
Gnathobdellida, and these spaces carry blood. The interesting feature in 
connection with these structures is that they communicate with the blood 
system—a unique relation of coelome and blood system. Although the 
evidence very strongly supports the idea that these sinuses are the 
remains of the coelome, and they are accepted by most workers as such, 
it is just possible, as suggested by Lankester, that they may not be of 
coelomic origin. 

Such a suggestion is due to the peculiar relations of the sinuses to the 
blood system. 

If not of coelomic origin they would then be explained as parts of the 
blood system itself, and thus we would get an approach towards a haemo- 
coele in the Hirudinea. 

If the suggestions made later in regard to the somitic relations of the 
Arthropoda and Hirudinea be correct, then we may be sure that there is a 
close relationship between their haemocoele and sinuses respectively. 

If we now assume that the Arthropoda are descendants of an Annulate 
stock with a constant number of somites, can we find any existing Annu- 
lata manifesting the same somitic constitution ? 

The only division of.the group having a regularly constituted body is 
the Hirudinea, and we now proceed to demonstrate an agreement between 
them and the Arthropodan stock. 

In the leech body 33 or 34 somites exist, and of these 21 are con- 
tained in a region lying between the head or capula and the posterior 
sucker, and are represented in the nervous system by the 21 ganglia lying 
between the complex anterior and posterior extreme ganglionic masses. 

In Semilageneta, as pointed out previously, only 21 segments are repre- 
sented altogether in front of the posterior sucker. 

In the Herpobdellida and Gnathobdellida the oval sucker is confluent 
with, and grades into, the body region, forming a “ head end.” In most 
Glossophoniida the same is the case, but in a few there is a slight expan- 
sion of the sucker region. 

In most Ichthyobdellida there is a distinct capula formed by the 
sucker, and between this and the posterior sucker 21 distinct somites are 
to be made out. 

It is apparent, then, that the region of the leech body between anterior 
and posterior suckers consists of 21 somites, the posterior sucker of 
7 somites, and the head or capula of 5 or 6 somites; further, that in 
Semilageneta the anterior 5 or 6 have been absorbed. 

The 33 or 34 somites of the leech body are early laid down in ontogeny, 
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and it is quite clear that the body with suckers is easily derivable from 
Chaetopodan stock. 

The important point is that in Semilageneta further abbreviation has 
taken place in the absorption of anterior somites. 

The writer ventures to suggest the evolution of the leech body from 
a more typical Annulate condition by a modification of anterior and pos- 
terior somites is intimately concerned with the origin of the Arthropodan 
ancestors. 

In both we find a body composed of 21 somites. The posterior sucker 
of the Hirudinea is composed unmistakably of 7 somites; but this may 
reasonably correspond to the telson of the Arthropoda. The extra somites 
of the head end in Hirudinea are not present in Semilageneta, where we 
still find, however, the 21 somites anterior to the posterior sucker. 

It is interesting to note that the species of Peripatus with 14 pairs of legs, 
fall in line with the other Arthropoda in regard to the number of somites. 

The reasons for suggesting this common origin for Hirudinea and 
Anthropoda are :— 

1, The constancy and similarity in number of body somites in 
Hirudinea and Arthropoda, which fact must be more than a mere 
coincidence. 

2. Annulate origin of Arthropoda. 

3. The progoneate character of Hirudinea and of the aquatic Arthro- 
poda, and the great similarity in position of the pores. 

4. The absence of a ‘“‘capula”’ region in Semilageneta. 

5. Possible relationship of ‘‘coelome’’ remains in Hirudinea and 
haemacoele in Arthropoda. 

6. The Hirudinea is the only class of existing Annualata with a 
constant body constitution. 

It is of special interest to note that by the disappearance of segmenta- 
tion in the ‘‘ head” region—which has actually taken place in Semila- 
geneta—we would get a body form corresponding somitically to that of the 
ancestral Arthropodan stock in which the telson would replace the 
posterior sucker of the Hirudinea. 

Such a wonderful similarity in regard to the number of the somites 
referred to, and the existence of such a form as Semilageneta cannot be 
easily dismissed as mere coincidences. 

7. Such a common origin for the Hirudinea and ancestral Arthropoda 
would explain the unique morphological differences between the Hirudinea 
and other Annulata. Further, we might well expect some specialized 
structures and habit (such as parasitism) in the case of one (Hirudinea) of 
two groups which are the result of divergence from a common ancestral 
line, when the other (Arthropoda) has taken the lead and finally developed 
into such a wide and comprehensive phylum. 
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NOTE ON ROSANES’ FUNCTIONS RESEMBLING JACOBIANS. 


By Tuomas Murr, LL.D. 


(Received December 29, 1913.) 


1. The expressions in question are exemplified by 


dz? dy? 

dw 

da? dy? 


,, Manifestly they differ from Jacobians in that the number of variables 
is always two: on the other hand, a resemblance exists in that the 
order of the determinant is the same as the number of functions to be 
differentiated. In Rosanes’ paper * no other order than the third is dealt 
with; he had, however, the properties of higher orders in his mind, as he 
was avowedly following a paper of Clebsch’s on a property of Jacobians, ‘ 
where the order was unrestricted.+| When the order is the second, the “ 
Rosanian and Jacobian are evidently identical. 


2. The basic functions being /,, f,, f;, and the independent variables 
x,, x,, Rosanes wrote his determinant in the form 


Sf? | 
In what foliows we shall write instead simply R(/,, f., /;)- 


Only one property is investigated by him, namely, the analogue to 
Clebsch’s theorem regarding the second set of Jacobians derivable from 


* Rosangs, J. Ueber Functionen, welche ein den Functionaldeterminanten analoges 
Verhalten zeigen. Crelle’s Journ., lxxv. pp. 166-171. 
+ A greater number of variables than two was also thought of (see p. 171). 
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four homogeneous integral functions of three variables. It may be 
formulated as follows: If f,, f., f,, be binary m-thics ; $1, 3 the 
Fosanians of the four possible sets of f's, namely, f,, f,), —R(f,, £,), 
R(f,, f., —R(f,, £,); and v3, the Rosanians similarly 
formed from the 9's: then the y's are proportional to the f’s. The basic 
functions are thus with Rosanes quite special, namely, binary forms all of 
one degree.* 

The same restriction will be adhered to in the present paper, the 
object of which is to give a fresh and simple presentation of the whole 
subject, following closely on the lines of my corresponding paper on 
Clebsch’s theorem in order that the exact extent of the resemblance 
between the two theorems may be made evident. 


3. If u,, u,, u,, u, be homogeneous integral functions of the mth degree 
in x, y, and 


Vv, = U4), V2= —R(u,, U3, %,), 
v,=R(u,, U,), — U5); 


then 


UV, + UV. + U,V, +U,V, = 


This is the same as to say that 


070, O07, 074, 
dr? andy Dy? 
070, 072, 
dz? 


Ou, 
3 Dandy dy? 
07, 07%, 
* oa? dy? 


which follows at once from Euler’s theorem 


x*.col, + 2xy.col, + y?.col, = m(m — 1).col,. 


4. With the same notation 


07, ou, 0 


dye + dy? dye + dye “4 


* In this connection it is worthy of note that the title placed at the top of each page of 
Rosanes’ paper by the editor is ‘‘ Ueber ein die biniren Formen betreffendes Theorem.” 
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This is the same as to say that the determinant of the preceding 
paragraph continues to be equal to 0 when in place of its first column we 
substitute a repetition of one of the other columns. 


5. The foregoing results we may without fear of ambiguity write 


thus: 
072, 
dx? dy? 


and therefore in what follows we shall use only the like abbreviated 
forms. 


6. With the same notation as before 


Ott, 


For the first of these assertions is the same as 


du, 
dr? dy? 
074, O07, 07%, 
dz? andy 


dr? «Dy? | 
which follows at once from Euler’s theorem that 


x.col, + y.col, = (m — 1).col, ; 


and the second assertion similarly follows from using 


x.col, + y.col, = (m — 1).col,, 


on a similar zero determinant. 


7. Returning now to the equality $u,v,=0, and differentiating with 
respect to 2, we obtain 


dr _ 9) 
+ 


| 
| 
i 
| =(, 
| ou, 
| ; 
| 
Ou, 
1 
» 
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du, 


There thus follows on substituting the results of the preceding paragraph 


and, with respect to y, 


8. With the same notation as before 


du, dv, du, dU, du, dv, 


du, 


The first of these is readily seen to be obtainable by differentiating with 


respect to x the first result of § 6, and then applying the first result of § 4 
The others are reached in quite similar fashion. 


9. With the same notation as before 


070, ou, 


Differentiating the result of § 3 twice with respect to x we obtain 


+2) de = 0; 


similarly one differentiation with respect to x followed by one with respect 


to y gives 
070, du, dv, OU, 
and two differentiations with respect to y give 
> ‘yy? dy dy 


And as in each of the three expressions here all the terms except the first 
have been shown to vanish, it follows that the first terms also must 


vanish. 
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10. The various identities—fifteen in number—which have just been 
established, may be conveniently arranged thus :— 


4 =0, 10 
5 > =0, 11 =0 
6. -0, 12. > ~0 
7. =0, 18. 
8. =0, 14 =0, 


du, Ov, 
>a ‘=0, 15. =0. 

The last twelve are arianged in pairs, each one differing from the one 
over against it in having-w,v in place of v,u respectively. The first three 
have no such counterparts, being unaltered by the interchange in question. 

Let it be noted also that six of them (Nos. 1, 4, 5, 6, 7, 8) are obtained 
as evanescent determinants, and the remaining nine as deductions there- 
from after differentiation. 

An attempt to obtain more results of the like kind will be found 
unfruitful: it will, however, be none the less interesting and instructive. 


11. Incidentally in § 9 we have in effect established Rosanes’ theorem ; 
for the results there obtained, when written without the help of the >. 
are the equations 


fv vv vv ov 
vr, ov, vv; -0 


| 
vv vv vr 


which, when we solve for the u's, give 


> u,v, =0, 
9 Du, Iv, 0 
du, 
3. 5 >, 
| 
13 
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A NOTE ON THE TEMPERATURES OF THE AIR OBSERVED 
AT MOCHUDI. 


By J. R. Sutton, Se.D., F.R.S.S.A. 
(Received and read April 15, 1914.) 


Mr. W. A. H. Harbor has recently sent me for inspection his records 
of meteorological observations taken at Mochudi, in the Bechuanaland 
Protectorate. Although the period covered by the observations is short, 
running only to four years and nine months, the results are of interest 
not only in themselves, but because of the lack of published information 
concerning the climatology of that Province. Only the temperatures of 
the air are dealt with in this note. 

Table 1 gives for the period spoken of— 

1. The average maximum and minimum temperatures for each 
month, and for the year ; 

2. The greatest and least temperatures observed in each month ; 

3. The greatest and least of the mean maximum and minimum 
temperatures of each month ; 

4. The extreme ranges observed. 

It appears from this Table that the maximum temperatures are closely 
dependent upon the sun’s meridian altitude, resembling in this respect 
the maximum temperatures observed at Kimberley. How closely can 
only be determined when sufficient observations have been accumulated 
to allow of the averages being adequately represented by a formula. 
Meanwhile it can be seen that while the curve representing the maxi- 
mum temperatures has its least value some time between the middle 
and end of June, the greatest value comes some days earlier than the 
December solstice. On the other hand, the curve of minimum tem- 
peratures has its least value early in July and its greatest value late 
in January. 


14 
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A comparison between the temperatures observed at Mochudi and 
those of some other inland places is worth attention. In Table 2 this 
comparison is made for Kimberley, Elim, and Bulawayo. Evidently the 
curve of maximum temperature has its greater value earlier or later as 
the latitude is lower or higher. We see, moreover, how slowly the days 
cool off as the summer progresses into autumn inside the tropics, com- 
pared with what happens outside even so close up as Mochudi is. It 
is curious, however, that the turning-points of the curve of minimum 
temperature are practically unaffected by the latitude, albeit the range 
of the curve varies from place to place. 

It is not unlikely that the maximum temperatures at such places as 
Elim and Bulawayo are dependent not only upon the altitude of the 
sun, but also upon the rainfall of tropical Africa. In Northern Rhodesia 
the rainy season has settled in in earnest in November, and with it a 
mitigation of the fierce summer heat. Bulawayo feels the benefit of this 
mitigation very quickly ; and it may be that the period of time by which 
the highest point of the Mochudi curve of maximum temperature 
anticipates the December solstice represents the influence of the tropical 
rainy season upon the climate of the Bechuanaland Protectorate. 

The range of temperature at Mochudi is considerable. A temperature 
exceeding 100° is possible—one might say probable—in any of the seven 
months September to March, while freezing temperatures are common 
from May to September. This last month, so far, has shown the greatest 
extreme range of any, namely, a maximum of 108° in 1910 and a 
minimum of 28° in 1912. 

In various previous papers it has been shown that the curves of mean 
maximum temperature for places as far apart as Durban, East London, 
and Kimberley show a pronounced dip about the middle of July. Cold 
days are to be expected in most years at this period; and occasionally 
this cold penetrates at least as far north as Bulawayo; while curiously 
enough the nights are not very much affected. Stewart finds the same 
condition at Cape Town, and at Colonies Plaats, near Graaff Reinet. It 
is interesting, therefore, to find that it also appears to hold at Mochudi. 
In Table 3 will be found the mean daily maximum and minimum 
temperatures for Mochudi during July, showing quite plainly the average 
coldest day on the 16th. This cold wave may, then, be regarded as 
proved common to the whole of South Africa outside the tropics, so far 
as the maximum temperatures are concerned. There is a similar, though 
less important, cold spell affecting the nights, however, as much as, if 
not more than, the days, during the last week of May. 


| 


Temperatures of the Air observed at Mochudi. 


TABLE 1. 


Arr TEMPERATURES AT Mocuupt. 


Greatest 
Monthly Extreme 
Mean 
Max. 


Highest. | Lowest. 


97°6 
90°8 
85-2 
81:3 
74:6 
799 
81:5 
91°7 
98-4 
99°5 


99°5 


| 
Max. Min. | 
Jan, ......| 929 | 651 | 106 | 55 622 | 51 
Feb. ......| 898 | 647 | 100 | 52 615 | 48 : 
Mar. ......| 862 | 604 | 104 | 48 586 | 56 it 
April ......| 832 | 527 | 95 | 33 48-8 | 62 . 
May ......| 775 | 431 | 92 | 25 38-9 | 67 
June ......| 735 | 354 | 86 | 24 330 | 62 
July ......| 748 | 345 | 989 | 24 329 | 65 ; | 
Aug. ......| 801 | 408 | 95 | 96 398 | 69 
Sept. ......| 868 | 477 | 108 | 28 43-9 | 80 
Oct. ......| 893 | 562 | 102 | 37 529 | 65 } 
Nov. 926 | 606 | 107 | 48 565 | 59 
Dec. 943 | 637 | 108 | 49 592 | 59 
Year ......| 85:1 | 521 108 | 24 | mm | 329 | 94 ft 
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TABLE 2. 


CoMPARISON OF TEMPERATURES. 


Maxima. Minima. 


Kimberley. | Mochudi.| Elim. Bulawayo. Kimberley.) Mochudi.| Elim. 


E. long. | 24° 45' | 26° 6'| 30° 1’ | 28° 35’ 
Altitude | 3,944 | 3,105 3,900 4,469 
Nearest 


5 


888 | 616 | 63-4 
880 | 78: 61-2 62:5 
829 57-4 | 60°6 
770 | | 76: 504 | 55:3 
701 | 748 | | 51-1 
64-7 | | 70-5 | 36-1 46-9 
} 85°8 oF 46°3 
710 | | 389 50:1 
730 | 458 | 5671 
815 | 809 | 50-9 58-4 
86-1 | 80: | 549 | 60°7 
89-6 60-4 63°3 


786 | 85:1 | 77: 5 | 496 | 521 | 562 
| 


| Bulawayo. 


Altitude, in feet above the sea. Nearest coast, distance in miles. 


- 
| 
| coast.| 340 | 445 | 250 | 390 | | | 
No. of | | 
years.| 15 | 5 5 15 | 15 
| | 
Jan. ...| | 61°6 
| Feb. ... 605 
Mar. ... | 539 
April... 64:3 
| May ... | 49-0 
June ... | 44-5 
{ July ... 44-1 
Aug. ... | 
Sept. ... 53°5 
Oct. ... | 59°2 
MOY. ... | 60-4 
Dee. ... | 61-1 


Temperatures of the Air observed at Mochudi. 


TABLE 3. 


Mean Datty Maximum anp Minimum TEMPERATURES 
AT Mocuupt. 


8 
7 
7 
7 
7 
7 
7 
7 
7 


167 
Max. Min. 
| 
71-2 | 33°8 
73:8 33:0 
750 31°5 
17-7 31-2 
765 
73:3 33:3 
71:2 | 30:3 
74:5 | 30°5 is 
73:8 33-2 
78:3 | 32°5 
715 | 35-0 
68°5 | 33°5 
71:2 | 30:3 4 
76:3 | 34°8 
35°5 
| 
| 39°3 
| 38:8 
40:0 
| 


ON THE POROSITY OF THE ROCKS OF THE KARROO 
SYSTEM IN SOUTH AFRICA. 


By Atex. L. pu Toit, D.Se., F.G.S. 


(Published with the permission of the Hon. the Minister for Mines and 
Industries.) 


(Received April 7, 1914. Read April 15, 1914.) 


In a paper read last year before the South African Society of Civil 
Engineers * the author stated that the strata in South Africa taken as a 
whole possessed a rather low degree of porosity, and that this was 


especially applicable to the rocks of the Karroo System, covering, as they 


do, fully one-half of the Union of South Africa. 

It was pointed out’ moreover, that, as the result of weathering, any 
estimate of the pore-space of a rock as based upon specimens taken from 
the outcrop of the stratum, as is generally the case, is in excess of its true 
value as found when dealing with the fresh and unaltered material. 

For these and for other reasons the Karroo region was not anticipated 
to be one capable of furnishing strong artesian supplies as has not un- 
commonly been thought. 

Since, however, these statements were subjected to criticism, a large 
number of determinations were made upon rocks from the Karroo System 
of the Cape Province, a number of figures obtained in the Geological 
Survey Laboratory, Pretoria, upon certain Karroo sandstones of the 
Transvaal + being also included in the list. 

The results, tabulated below, bear out in the fullest manner the 
author’s contentions; time did not permit of an exhaustive investigation 
of this rather wide and important subject, for several interesting dependent 
problems emerged in the course of the tests for fuller inquiry and treatment 
at some future period. 

The specimens experimented upon consisted for the most part of 


* Min. of Proc. S.A. Soc. Civil Engineers, vol. xi., p. 8. Cape Town, 1913. 
+ Annual Report Geological Survey of S. Africa for 1910, p. 105, Pretoria. 
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sections of core from diamond drill borings put down by the Public Works 
Department under the late Cape Government, samples duly labelled 
and accompanied by full records of the strata passed through being 
preserved in the Geological Survey Office, Cape Town. The cylindrical 
specimens, varying in weight from about 100 to 300 grams, were dried, 
weighed, and soaked in water until no further absorption took place. 
The smaller-sized samples were preferred because of the greater rapidity 
with which they absorbed water; this was especially so in the case of 
very soft shales and mudstones, the cylinders of which frequently will 
not stand soaking for more than a few days’ time without breaking up. 
Indeed, the only accurate procedure with the soft red and purple mud- 
stones would be to work in the field upon wet cores just extracted from 
the borehole. Since such friable argillaceous rocks possess only a low 
degree of porosity, few determinations were made upon them. 

With certain exceptions, which were instituted for purposes of com- 
parison, all the samples were from strata cut below a depth of 25 feet 
from the surface, while the majority came from between 50 and 150 feet ; 
in this way the values obtained must approach more closely to those 
under the conditions actually existing in boreholes and wells. The 
increased value of the porosity dependent upon surface alterations will 
be discussed later on. 

Care was taken in the selection of the core samples that these did not 
come from layers directly over or underlain by dolerite, sheets of which 
are prevalent throughout the Karroo except on its extreme southern 
margin and in the south of the Transvaal. Indeed, not uncommonly the 
soft shales and mudstones have been converted by the igneous rock 
into black flinty hornstone or lydianite, the pore-space of which is 
practically nil. 

In the table two columns of figures are given, the first of which 
represents the percentage weight of water absorbed, or the Ratio of 
Absorption,* the second bejng the percentage of the volume of the rock 
which can be occupied by the water imbibed; this is the percentage of 
pore-space or the Porosity. The porosity, as a matter of fact, is equal to 
the ratio of absorption multiplied by the specific gravity of the rock in 
question. 


RELATION OF Porosity To GEOLOGICAL Horizon. 


The sandstones by reason of their greater pore-space naturally form 
the most suitable criteria in the comparison of the relative porosity of 
successive geological horizons, and for this reason the majority of the 


* E. R. Buckley. Wisconsin Geological and Natural History Survey, Bull. 4, 
Economic Series 2, p. 68, 1898. 
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tests were made upon the sandstones, which, as a rule, are fine to 
medium-grained in texture and felspathic in character. 

The basal member of the Karroo System in the Cape Province is the 
Dwyka conglomerate of glacial origin, a rather compact and somewhat 
impervious material ; the Ecca shales which follow it are fine-grained with 
an average porosity not exceeding 2 % very probably, except in the 
extreme south-west, where a sandy phase has been developed locally. 
These two formations crop out along the margin of the Karroo “ basin,” 
as shown on a geological map of the country. The Beaufort Series 
overlying the Ecca is characterized by the presence of sandstones and 
is the most important member of the Karroo System in South Africa 
in this investigation, inasmuch as it covers an area very much greater 
than that constituted by all the other series put together. Determinations 
of Beaufort rocks consequently preponderate in the table attached. 

Even in the Beaufort Series the sandstones, which never possess more 
than a medium grain, do not predominate, for probably more than half of 
the strata consist of rather close-grained thinly bedded green and blue 
flaggy sandstones, hard nodular mudstones commonly somewhat gritty, 
and soft green, red, and purple clayey rocks, these bright-coloured layers 
being best developed in the upper portion of the formation. 

The Beaufort Series has, partly upon lithological grounds, been sub- 
divided into three groups, and in the table appended this three-fold 
classification has been developed, subject of course to such errors as 
may be brought in by uncertainty as to the exact geological horizon 
in any particular case. It has already been pointed out by Dr. C. F. 
Juritz* that underground waters of distinctive chemical character are 
furnished by each of these sub-divisions, and it can now be shown 
that the rocks of the three groups exhibit as well a variation in 
their capacity for absorbing water. Thus, for example, the sand- 
stones of the Lower Beaufort Beds have a mean porosity of 2°9 % (the 
average of 13 determinations, excluding No. 21, which was an un- 
commonly porous type of rock yielding a strong supply of water). By 
still further analysis it is found that sandstones coming from the 
higher horizons of this sub-division are more porous than those of the 
lower zones, the actual figures being 4-9 % (4 determinations) as against 
2:0 % (9 determinations). 

The Middle Beaufort sandstones are not so close-grained and furnish 
a value of 5:2 % (8 determinations), while the Upper Beaufort sandstones 
stand a trifle higher, 5-5 % (14 determinations). The finer-grained rocks 
of the Upper Beaufort series are much more permeable than those of the 
Lower ; the figures being 4°9 % (5) and 1:4 % (4) respectively. 

* C. F. Juritz. Agric. Journ. of C.G.H., vols. xxxii. and xxxiii., 1908. Presidential 
Address ‘to Cape Chemical Society, 1908. 
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The Molteno sandstones of the Stormberg Series being coarser in grain 
and less compacted give a higher figure 10-9 % (2), but more determinations 
are required to be made upon this formation and upon the finer-grained 
Cave Sandstone also. 

It must be pointed out that, for the purpose of obtaining these figures, 
all samples taken from within 25 feet of the surface of the ground were 
rigidly excluded. 

Proceeding from the Cape into the Transvaal, the Karroo System 
becomes thinner, this being partly due to the disappearance of certain 
zones represented in the Cape, namely the Ecca shales, and apparently 
the Molteno Series as well. At the same time the whole succession above 
the Dwyka becomes more arenaceons in character, and is now divisible 
into the Coal Measure grits and sandstones (probably representing some 
portion of the Beaufort Series), succeeded by the finer-grained Bushveld 
sandstone (apparently the equivalent of the upper part of the Stormberg 
Series). 

The majority of the figures given for this section were determined 
upon samples of building stone obtained from quarries, and obviously 
the results, which are high, are not strictly comparable with those from 
the Cape, for the average porosity of three specimens of sandstone-core 
from the borings on the New Rand along the Wilge River in the Orange 
Free State is but 10:1 % The Flatpan and Steenpan stone from the 
quarries near Coalbrook, Orange Free State, averages 12:1 % (5 determi- 
nations), but the Vereeniging stone is much more porous, a specimen of 
medium-grained sandstone giving 18°3 %, while a very fine-grained white 
sandstone was remarkable in attaining the high value of 32-8 %. 

The Coal Measure grits range from 8 % to 18 %, but the Bushveld 
sandstone is less porous with values extending from 7 % to 14 %, the 
red variety possessing a slight advantage in pore-space over the white. 

The porosity of the Transvaal phase of the Karroo System, composed 
almost throughout of such arenaceous deposits, is therefore much higher 
than that of the Cape, but, since no bore-hole cores of the former have yet 
been experimented upon, the water-bearing capacities of the two phases 
cannot satisfactorily be compared at present. 


RELATION OF Porosity To SpeciIFIC GRAVITY. 


Since the more compact rocks possess a higher density than the more 
open-grained ones, it follows that the value of the porosity of a sample 
must approximately be inversely proportional to its specific gravity. In 
the following figure these two quantities have been plotted in the case of 
90 rocks, and it will be seen that the porosities fall within well-defined 
limits, showing that, in dealing with samples having a given density, the 
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pore-space lies between maximum and minimum values. Excepting in the 
case of one of the Vereeniging sandstones the maximum porosity reached 
falls far short of the theoretical minimum of 26 % for a rock composed of 
uniform grains packed in the closest manner possible; * the discrepancy 
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Diagram showing Dependence of Porosity on Specific Gravity. 


is obviously due to the presence of particles much smaller than the 

average and to finely divided matter partially filling the pores. 
Decrease in density beyond the limits here plotted means that the 

samples have become more open in texture and less coherent by loss of 


* C. S. Slichter. Nineteenth Ann. Rept. United States Geological Survey, part 2, 
p- 310, 1899. 
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the cementing matter. Beyond this stage thoroughly decomposed rocks 
would have to be included, and after that the soils produced by them ; the 
consideration of these is outside the scope of this paper, however. 


EFFECT OF WEATHERING UPON POROSITY. 


Most of the Karroo sandstones (those of the Molteno Beds excepted), 
and not a few mudstones, possess a cement of a calcareous nature ; this 
forms generally not more than 2 % of the weight of the rock, but 
occasionally the proportion rises to 4% or even 5%. At the surface and 
down to a moderate depth this binding material tends to be removed 
by water containing dissolved carbonic acid; usually the calcareous 
matter is ultimately conveyed by the underground drainage into the 
rivers, but sometimes under the action of capillarity it is brought to 
the surface and there forms the white calcareous tufa, so common. in 
the northern Karroo and the Orange Free State. 

Again, nearly all the sandstones contain a moderate amount of felspar, 

which in the process of weathering becomes converted into a porous mass 
of kaolin ; at the very outcrop also the finely divided kaolin “dust” will 
tend to be removed mechanically. Other minerals, such as sericite, mica, 
and chlorite, together with substances the exact mineralogical nature of 
which is uncertain, are also present as a ground-mass, and some of these 
must undergo alteration with partial or complete removal under the 
chemical action of ground-water. 
} An attempt to determine the proportion of calcareous cement by 
; soaking specimens in a weak solution of citric acid did not prove 
satisfactory, so recourse was had to a treatment with dilute hydrochloric 
acid, by which, however, certain silicates of alumina and to a lesser 
extent of magnesia were broken up and removed as well. It is believed, 
for reasons that will become self-evident further on, that in spite of the 
severity of this treatment the results are quite comparable with those 
produced under the action of the weather ; that the processes of the latter 
sometimes results in the solution of silicic acid is indicated by the 
extremely incoherent nature of some outcrop specimens of sandstone 
and by the secondary silicification which appears now and again on 
rock surfaces or in certain superficial deposits in South Africa. 

As an example, five specimens of sandstone lost on an average 
2:0 % of their weight by soaking in acid, this figure corresponding to 
an increase in pore-space of about the same amount; the actual increases 
in porosity ranged from about ;;th to 3ths of those in the untreated 
rocks, while the average increase was nearly 4rd. 

In the instances under discussion the percentage increase in porosity 
due to the removal of cementing matter ranged between 2 and 14 times 
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the percentage decrease in weight of the rock during treatment. Some of 
the material extracted by the dilute hydrochloric acid (and therefore 
present in the form of chlorides of the bases along with silicic acid) was 
evaporated to dryness, and the residue, when examined chemically, was 
found to have the following composition (the bases being reckoned as 
oxides) : silica, 33 %; oxides of alumina and iron, 24 %; lime, 26 %; and 
magnesia, 10°8 %. 

Comparing the figures obtained for the porosities of samples taken from 
the surface, or immediately below the surface, with those of specimens 
from greater depths, the average values for the Beaufort Series work out 
as follows :— 


Lower Beaufort, weathered, 5:1 % (3 determinations) 
Lower Beaufort, unweathered, 2-9 % (13 determinations) 
Middle Beaufort, weathered, 5-6 % (2 determinations) 
Middle Beaufort, unweathered, 5:2 % (8 determinations) 
Upper Beaufort, weathered, 9°7 % (4 determinations) 
Upper Beaufort, unweathered, 5:5 % (14 determinations) 


It is thus seen that substantial increases in porosity have been brought 
about within the surface zone; incidentally this fact should form a very 
strong argument in favour of deep quarrying for the supply of durable 


building stone, a matter which has consistently been ignored throughout 
South Africa. 


RELATION OF Porosity TO WATER STORAGE. 


When the figures for the Karroo rocks are compared with those for 
sandstones in other countries,* it is found that the South African rocks 
as a whole possess quite a low degree of porosity, the Lower Beaufort 
Beds being most marked in this respect; only the Transvaal Coal 
Measures can be regarded as being moderately porous. 

The actual capacity of a stratum for storing water is fortunately, 
however, not the same thing as its porosity, for, in addition to the 
capillary passages between the constituent grains, there are numerous 
minute cracks and joints which traverse the rock in various directions, 
most frequently in planes at right angles to the stratification. 

Such cracks and joints are most numerous and widest as a rule at 
the surface of the ground, and they become of less importance with depth ; 
generally below the 400-foot level the capacity of the rock does not differ 
much from its porosity. Above that level the capacity is much greater, 
and in the uppermost zone it may greatly exceed the value found for the 
pore space, especially if the porosity of the rock be low. 


* E.R. Buckley, l.c., p. 400. O. Lueger. Die Wasserversorgung der Stiidte, pp. 217-19, 
Stuttgart. 
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It is for these reasons that the close-grained Lower Beaufort Beds 
yield supplies which in many places seem extravagantly in excess of what 
would be expected from the closeness in grain of the individual beds. It 
follows that the supplies to be obtained from such formations will be 
drawn principally from the surface zones within which fissures and joints 
exist, and deep borings will generally not be more advantageous. 

The results of boring in the Karroo entirely support these contentions, 
for it must be noted that the numerous dolerite intrusions cutting through 
the strata cause the shallow ground-waters to become concentrated at 
certain points and thus enable wells to be sunk at such spots with 
success. 


Permeability of Strata. 


It is very unfortunate that all the experiments upon the permeability 
of sandstones have been carried out upon varieties possessing a porosity 
of over 15 %, usually a much higher value. The rate of flow of water 
under pressure through such weakly permeable sandstones as those of the 
Beaufort Beds of the Cape Province is therefore quite uncertain, though, 
from the rapid falling off of permeability with diminution of porosity as 
shown in other more open-grained sandstones, the figures would appear to 
be very low for the formation in question. 

: As regards the Transvaal, the figures given in the table apply to 

material from quarries only, and it is likely, judging from analogy with 
the data available from the Cape, that the porosity in depth of the Coal 
Measure grits and sandstones will range most probably from about 5 % 
ce to 12 %. 
‘Re Experiments like those carried out by Baldwin-Wiseman * upon the 
ls rate of flow of water under varying pressures through unweathered blocks 
; of such sandstones, are much to be desired, because in the Transvaal 
these rocks in a number of places occupy gentle depressions in the older 
impervious formations, they are invaded by dolerite to a limited degree 
only, and they crop out in regions of fairly good rainfall. 

The question of the permeability of these sandstones is therefore an 
important one in view of possible deep boring in certain localities. It is 
to be hoped that in the near future determinations may be made of the 
permeability of the sandstones of the Karroo System, a representative 
set being selected which will cover the wide range in porosity possessed 
by the various types as brought out in the following tables. 

With such data secured, many problems of underground water supply 
could then be attacked with more hope of success. Upon the results 
obtained the policy of deep boring would perforce be based, while the 
ideas of boring engineers upon this subject would necessarily become less 
nebulous, and the scope of their operations more extended. 


* Min. and Proc. Inst. Civil Engineers, vol. clxv., part 3, 1906. 
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THE SECULAR VARIATION OF THE MAGNETIC ELEMENTS 
IN SOUTH AFRICA DURING THE PERIOD 1900-1913. 


By J. C. Breartiz, D.Sc., Professor of Physics, South African College, 
Cape Town. 


(Read May 20, 1914.) 


The study of the secular variation of the magnetic elements in South 
Africa is of more than usual interest because of the abnormal values of 
the changes. In the magnetic charts of the world published by the 
British and by the United States naval authorities, the one in 1905 the 
other in 1907, the annual change off certain parts of the East African 
coast is given as 10’ decrease of westerly declination, a result greater in 
absolute value than in any other region except off the east coast of South 
America. It has been possible and necessary in the course of a magnetic 
survey of South Africa to determine the secular variation not only of the 
declination but of the horizontal intensity and of the dip over the main- 
land, for approximately the same epoch as that for which the naval charts. 
were issued, and thus to see to what extent the abnormal values exist on 
the mainland in South Africa. 

The period over which the observations extend is from 1898 to 1913, 
the greater number however belongs to the period 1903 to 1913; the 
actual results, except for the stations given at the end of this paper, have 
already been published from time to time. The method of observing and 
the reductions applied have also been explained in an earlier publication. 

In addition to results obtained with the same instruments in Africa south 
of the Zambesia, observations for a few other stations have been embodied 
in so far as such were available for places south of the equator. The 
extra stations thereby included are Loanda, Mozambique, Dar-es-Salam,, 
Tavanarive, Mauritius, and Delagoa Bay. In the first set of stations care 
was taken to make the observations at any one station at the same time 
of day, in this way obviating the necessity for the application of any 
correction for daily variation, a quantity which is not known accurately 
on the South African mainland. 
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The values of the magnetic elements are given in the list which 
follows ; further details of the observations at these stations, the position 
of the stations, the instruments used, and other facts will be found in one or 
other of the following publications. The number given immediately after 
the name of the station in Appendix I. refers to these publications. 

1. “The Magnetic Elements at the Cape of Good Hope from 1605 

to 1900.” By J. C. Beattie and J. T. Morrison. Trans. S.A. 
Philosophical Society, vol. xiv., p. 1. Cape Town, 1903. 

. “ Report of a Magnetic Survey of South Africa.” By J. C. Beattie. 
Royal Society. London, 1909. 

. “On Magnetic Work in Southern and Central Africa.” By J. C. 
Beattie and J. T. Morrison. Washington, 1913. 

. “Further Magnetic Observations in South Africa.” By J. C. 
Beattie. Trans. Royal Society of South Africa, vol. iv., p. 9. 
Cape Town, 1914. 

. “ Bulletin de l’institut océanographique. Contribution aux études de 
magnetisme terrestre en Afrique.” Par F. A. Chaves. Monaco, 
1908. 

. “Report on the Results of a Magnetic Survey of the Clanwilliam, 
Van Rhynsdorp, and Calvinia Districts.” By J. C. Beattie. 
Report of the South African Association for the Advancement 
of Science. Cape Town, 1909. 

. Appendix to present paper. 

. “ Veréffentlichungen des hydrographischen Amtes der K. und K. 
Kriegs-Marine in Pola.’’ Gruppe IV. Erdmagnetische Reise- 
beobachtungen III Heft. Pola, 1902. 

9. “Magnetic Observations in Northern Africa.’’ By B. F. E. Keeling. 

Cairo, 1907. 

The results for the declination are shown in Plate I., where the lines 
of equal annual change have been drawn. The only results not given 
in the preceding list are, first, the secular change determined from the 
Gauss-Carnegie observations (‘‘ Terrestrial Magnetism,” vol. xvi., p. 136), 
and secondly, the change given for the Katanga district of the Congo, a 
result determined from a comparison of Beattie and Morrison’s observa- 
tions in Northern Rhodesia in 1909 and Lemaire’s in the Congo in 1899 
and 1900. It will be noticed that the lines of annual change have been 
closed so as to show a centre of high annual decrease on the east coast of 
the mainland and extending into the neighbouring ocean ; the only justifi- 
cation for the latter is the analogy with the results shown on the British 
and American magnetic charts. A comparison of the map for the main- 
land given here with the charts shows no continuity between the land and 
the sea curves, nor does the extraordinarily high value over the land find 
any analogue on the sea except in the case of the result obtained from the 
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Gauss-Carnegie observations. The annual changes recorded in this paper 
vary from an average decrease of 1':5 of westerly declination at Mauritius 
during the period 1900-1909, a change which was turned into an increase 
of 14 per year of westerly declination between 1907 and 1909, to an 
annual decrease of about 14’ in the neighbourhood of Durban. If we go 
in a north-westerly direction from the latter place the annual decrease 
becomes less, and falls to 5’ at Loanda. The decrease in the absolute 
value of the change is quite definite, though not so great as we go west 
or indeed in any direction other than seaward from this centre of greatest 
change. 

A further interesting conclusion which can be drawn from the table 
is that at the present day the absolute value of the change is increasing 
at all stations; the lines of equal annual change appear to be moving 
inland in an approximately westerly direction. This will be evident from 


West declination. 
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the consideration of the results at the following places: At Beaufort 
West the mean decrease between 1900 and 1912 is 82 per year, between 
1905 and 1912 it is 10'8; at Cape Town between 1901 and 1914 the 
mean decrease is 8'-1, between 1909 and 1914 it is 97; at Cradock the 
mean change between 1900 and 1913 is 11'-2, between 1908 and 1913 it is 
138; at Hutchinson the mean-change between 1900 and 1913 is 9':3, 
between 1908 and 1913 it is 110; at Illovo River between 1903 and 1913 
it is 14'°6, between 1908 and 1913 it is 15'6; Matjesfontein has a mean 
change between 1900 and 1913 of 89, and 11'-0 between 1908 and 1913 ; 
Newcastle has a mean change of 9'-4 between 1903 and 1913, which 
increases to 14’6 between 1908 and 1913. 

In Fig. 1 the change in declination is shown for the whole period at a 
number of places. 

The results for the dip are shown in Plate II. The greatest annual 
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change is found in the south-western part of the continent; in the neigh- 
bourhood of Cape Town it amounts to an increase of southerly dip of 8’ 
per year; the annual increase becomes less towards the east, and off the 
coast of Natal is between 4’ and 5’ per year; the line of no change 
passes through Madagascar, and east of that the change is a decrease of 
southerly dip. Lines of equal annual change have been drawn. 
In Fig. 2 the change in dip is shown for the whole period at a number 
of places. 
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The annual change in the horizontal intensity at various places is 
shown in Plate III. No attempt has been made to draw the lines of equal 
annual change. Generally it may be stated that the decrease amounts 
to approximately 90y over the southern partof the continent, and that a 
pronounced decrease in this value is shown towards the north in Rhodesia. 
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Secular variation of the 
Horizontal Intensity 


in SOUTH AFRICA from observations 
taken between 1900-1913. 


The figures show the Annual change of horizontal 
intensity in units of the fifth decimal place of an 
absolute unit. 
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APPENDIX I. 


LIST OF REPEAT STATIONS WITH RESULTS OF OBSERVATIONS. 


Alicedale Junction. (2, 4) 


Declination. Dip. Horizontal Intensity. 
25° 45'-9 W. 62° 18'-7 S. "16900 
28 00-2 61 17858 


Secular Variation. 
1910°95-1900:06=10°89 yrs. —12'3 —88y 


Beaufort W. (2, 4) 


Date. Declination. Dip. Horizontal Intensity. 
1912:50 25° W. 60° S. 17371 
190504 27 08-4 59 *18070 
1900-02 27 59 14:0 ‘18507 
1899°54 59 146 “18504 


Secular Variation. 
1912°50-1905:04=7-46 yrs. —10'8 +71 —94y 
1905-04—1900-02 = 5:02 yrs. —4°5 +8:0 —84y 


1912°50-1900°02=12°48 yrs. —82 +76 —9ly 


Biesjespoort. (2, 4) 


Declination. Dip. Horizontal Intensity. 
24° 45"6 W. ‘17688 
23 31:7 59° 21'-2 8. 18888 


Secular Variation. 
1912-51-1904:08 = 8°43 yrs. —8'-7 —139y 
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(2, 3) 


Bulawayo. 


Date. Declination. Dip. Horizontal Intensity. 
1909-29 W. 54° 04''5 21186 
1904-59 18 27-1 53 35:6 “21389 


1898-04 52 49°5 ‘21798 


Secular Variation. 


1909-29-1904:59=4-70 yrs.  —15'-8 (?) —43y 
1904-54-1898-04 = 6:50 yrs. +71 —63y 


1909-29-1898 04 = 11:25 yrs. +6:1 —50y 


Cape Town. (1, 2, 3, 7) 


Date. Declination. Dip. Horizontal Intensity. 
1913°97 27° W. 60° 25'°6 S. 17327 
1911-23 27 36:8 1911:26 60 17591 
1908-82 28 1908°84 59 48-1 1908°86 -17773 
1905-32 59 18°7 18121 
1904:32 59 14°9 1904-30 -18186 
1903-28 "18293 
1902-52 28 479 1902°56 58 
1902°37 "18402 
1901-00 28 190098 58 41:0 "18510 
1900°19 58 34:8 
1898°30 29 12°6 1898°27 58 20°4 1898°24 -18684 
1897°82 29 03-0 58 11:0 18795 
1895-00 29 18:0 57 52:0 19000 


1890-00 57 15:0 19160 


Secular Variation. 


Date. Declination. Dip. Horizontal Intensity. , 
1913°97-1911-23 = 2°94 yrs. +6'7 —94y 
yrs. —10°0 —TTy 
1908-86-1905°32 = 3°54 yrs. —98y 
1908°84-1905°32 = 3°52 yrs. +8:3 
1908°82-1902°52 = 6:30 yrs. 
1905°32-1902°56 = 2°76 yrs. +79 
1905-32-1903-28 = 2-04 yrs. —84y 
1902°52-1898-06 = 4°46 yrs. —45 +91 
1898-06-1890:00 = 8:06 yrs. +76 —53y 
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Ceres Road. (2, 3) 

Date. Declination. Dip. Horizontal Intensity. 
1908-76 27° W. 59° 55'°7 S. ‘17873 
1900:40 28 45:1 58 41:9 18552 
1898-18 58 18722 


Secular Variation. 


1908-76-1900-40 = 8°36 yrs. —8'-0 +8'8 —8ly 
1900-40-1898-18 = 2-22 yrs. +88 


Coerney. (2, 4) 
Declination. Dip. Horizontal Intensity. 
25° 52"2 W. 62° S. 16942 
27 61 17716 


Secular Variation. 


1910-97-1902'54 = 8°43 yrs. —11'6 —92y 


Cradock. (2, 3, 7) 

Date. ; Declination. Dip. Horizontal Intensity, 
1913-52 24° 29''8 W. 61° 46'°3 17107 
1908°48 25 39°6 61 19-2 17620 
1900-05 26 59°8 60 23-7 18295 
1898-28 60 05°8 *18450 


Secular Variation. 


1913-52-1908°48 = 5:04 yrs. —13'8 +5"4 —102y 
1908-48-1900-05 = 8°43 yrs. —95 +66 —80y 
1900-05-1898-28 = 1:77 yrs. —8ly 


1913-52-1900-:05 =13°47 yrs. —11°2 
1913-52-1898-28 = 15°24 yrs. +6°6 —88y 


Dar-es-Salam. (3, 5, 9) 


Date. Declination. Dip. Horizontal Intensity. 
1909-74 6° W. 37° 19'8 S. 28396 

1906 67 7 06:3 37 001 28651 
1905-74 7 128 

1898-70 8 04:0 36 57:0 ‘28974 
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Secular Variation. 

Date. Declination. Dip. Horizontal Intensity. 
1909°74-1906°67 =3-07 yrs. —10'2 —83y 
1909°74-1905-74 = 4:00 yrs. —9-4 
1905°74-1898-70 = 7:04 yrs. 


yrs. +21 —53y 


East London. (2, 4) 
Date. Declination. Dip. Horizontal Intensity. 
1911-50 24° W. 62° 29'-0 8. *16867 
190202 26 45°5 61 36:3 17736 


Secular Variation. 
1911:50-1902-02 = 9°48 yrs. +5'6 —92y 


Eendekuil. (4, 6) 


Date. Declination. Dip. Horizontal Intensity. 
1913°10 26° W. 60° 17521 
1907-02 27 59 18096 


Secular Variation. 
1913-10-1907:02 = 6:08 yrs. —8'6 +7'9 —94y 


Estcourt. (2, 7) 
Date. Declination. Dip. Horizontal Intensity. 
1913-51 21° 01'°3 W. 61° 07'°5 17478 
1903°77 23 15°7 60 13:9 18358 


Secular Variation. 
1913-51-1903°77 = 9°74 yrs. —13'-8 +5'°5 —90y 


Fraserburg Road. (2, 4) 

Date. Declination. Dip. Horizontal Intensity. 
1912°50 26° 00''5 W. 61° S. “17384 
1902-10 59 48:0 ‘18370 
1897-99 59 14:3 


Secular Variation. 
1912-50-1902°10 = 10°4 yrs. —95y 
1902:10-1897-99 = 4:11 yrs. 
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Ginginhloon. (2, 3) 


Date. Declination. Dip. Horizontal Intensity. 
1908-51 21° W. 61° 27'6 S. 17830 
1903-83 23 03-2 61 05:3 18231 


Secular Variation. 
1908°51-1903:83 = 4-68 yrs. —13'7 —85y 


Greylingstad. (2, 7) 


Date. Declination. Dip. Horizontal Intensity. 
1913-52 20° W. 59° S. -18100 
1903-74 22 22:1 58 "18954 


Secular Variation. 
1913:52-1903-74 = 9-78 yrs. —12'-6 +5''8 —87y 


Helwan. (9) 

Declination. Dip. Horizontal Intensity. 
2° W. 40° 40''5 N. *30029 
3 127 40 362 30159; TM. xvi. p. 213 
3 21-4 40 31-2 30209 T.M. xii. p. 180 
3 50°6 1898-9 40 31:9 1899 -30145 

Dip reached a minimum in 1901. 

H.I. reached a maximum in 1902. 


Secular Variation. 


Date. Declination. Dip. Horizontal Intensity. 
1910-1905 = 5 yrs. W. +0'9 — 26y 
1905-1899 =6 yrs. +09 


Hollerivier. (3, 6) 


Date. Declination. Dip. Horizontal Intensity. 
1908-94 26° W. 59° S. 17955 
1907-08 27 146 59 08:9 18158 


Secular Variation. 
1908-94-1907-08 = 1°86 yrs. —8'5 +7'9 —109y 
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Hutchinson. 
Declination. 
25° 10’'9 W. 
25 34:2 
26 05:4 
26 39°8 
27 15:7 


Date. 
1913-48 
1911-49 
1908-48 
1904:48 
1900-03 
1899-52 
1898-29 


Secular Variation. 


—11"6 

—10°4 
—86 


1913°48-1911-49 = 1:99 yrs. 
1911-49-1908-48 = 3-01 yrs. 
1908-48-1904-48 = 4:00 yrs. 
1904-48-1900-03 = 4-45 yrs. 
1900:03-1898:29 = 1:74 yrs. 


1913-48-1900-03 = 15°45 yrs. 
1913-48-1898:29 = 15:19 yrs. 
1913-48-1899-52 = 13°96 yrs. 


Illovo River. 


Declination. 
21° 25''8 
22 43-7 
23 


Date. 
1913°51 
190851 
1903°85 


Secular Variation. 


—15'6 
—13°6 


—146 


1913°51-1908°51 = 5 yrs. 
1908:51-1903'85 = 4°66 yrs. , 


1913°51-1903'85 = 9°66 yrs. 


Karree. 
Declination. 
21° 54'-2 W. 
23 27-9 


(2, 4) 
Date. 

1911°51 

1903-43 


Secular Variation. 


1911-51-1903°43 = 8-08 yrs. —11'5 


60° 47'-4 S. 
60 31:9 
60 09-4 
59 40:0 
59 06:3 
59 03-9 
58 52°6 


62° 
61 41°8 
61 21°6 


60° 10’:2 S. 
59 19-0 


(2, 3, 4, 7) 


Dip. Horizontal Intensity. 
17393 
‘17596 
‘17920 
18231 
18615 


18624 


+7'8 
+75 
+76 
+78 


+75 


(2, 3, 7) 


Dip. Horizontal Intensity. 
17131 
"17623 


‘17977 


+5'2 
+43 


+47 


—98y 
—76y 


—87y 


Dip. Horizontal Intensity. 
17826 


"18548 


+6"3 ~89y 


190s 
~101y 
~108y 
By 
—87y 
—88y 
| 
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Kenhardt. (2, 4) 


Date. Declination. Dip. Horizontal Intensity. 
1913-01 25° W. 59° S. 18039 
1904-96 26 15-4 58 13:2 18808 


Secular Variation. 
1913-01-1904'96 = 8:05 yrs. —8'§ ~+8'-5 —96y 


Klerksdorp. (2, 4) 


Date. Declination. Dip. Horizontal Intensity. 
1911-02 22° W. 59° 03':3 8. 18520 
1903-47 23 42°0 58 12:0 19124 


Secular Variation. 
1911:02-1903:47 = 7°55 yrs. +6'8 — 80y 


St. Paul de Loanda. (9) 


Date. Declination. Dip. Horizontal Intensity. 

1910 16° W. 35° 32-28. 20195 

1908 16 20-4 35 21-7 

1907 16 25-9 35 22-0 20205 

1906 16 300° 35 15-9 0196; vol. xvi., p. 214 
1905 16 35-4 35 12-0 -20189 

1904 16 35 07-0 20242) 

1902 16 599 34 52-9 20297 T.M., vol. xii. p. 181 


1899 17 03-0 


Secular Variation. 


Date. Declination. Dip. Horizontal Intensity. 
1910-1905 =5 yrs. —4'6 —13y 
1905-1899 =6 yrs. —46 

jHrom Magnetic Observa- 

189-1888 = 11 yrs. —60 | tions in Northern Africa. 

1888-1881 =7 yrs. —50 By B. F. E. Keeling 
(p. 22) 


Lorenco Marques. (5, 8) 
Date. Declination. Dip. Horizontal Intensity. 
1906-53 21° W. 59° S. “19302 
1899-01 23 11:4 58 54:1 19782 


| 


Date. 


Date. 
1911-51 
1903-66 


Date. 
1911-93 
1909-30 
1906:07 
1903°21 
1898-02 


Date. 
1913-48 
1912-48 
1908-47 
1906:50 
1905-09 
1904°52 
1903-00 
1900-47 
1900-28 
1899-55 


Declination. 


26° 49'°8 W. 


27 


1906:°53-1899-01 = 7:52 yrs. 


1911-51-1903-66 = 7°85 yrs. 


1911-93-1909-30 = 2°63 yrs. 
1909-30-1906:07 = 3-23 yrs. 
1906:07-1903-21 = 2°86 yrs. 
1903-21-1898-02 = 5°19 yrs. 


1911-93-1903-21 = 8°72 yrs. 
1911-93-1898-02 = 13°91 yrs. 


44-1 


10°7 
26°8 
50°5 
46°6 


Machadodorp. 
Declination. 

19° 31'°3 W. 
20 47°6 


Mafeking. 
Declination. 
21° 41"-0 W. 
22 108 
22 
23 08:3 


Secular Variation. 


Declination. 


—12' 


Secular Variation. 


(2, 


Secular Variation. 


—11"3 
—10°3 


—10-0 


61° 05'°6 8. 


60 
60 
60 
60 
1904-36 59 
59 
59 
59 
59 
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+4'-4 


(2, 4) 


Horizontal Intensity 


Horizontal Intensity. 


59° 27'3 8. 


3, 4) 
Horizontal Intensity. 
58° 10’-4 S. ‘18779 
57 51:2 ‘19010 
57 33°8 19308 
57 10°7 ‘19501 
56 31:1 19871 


+5:4 
+8:3 
+76 


+71 


Matjesfontein. (2, 3, 4, 5, 7) 


Dip. 


57:8 
27°4 
12:2 
06°2 
57:8 
47°3 
25°3 
23°7 


58 45:0 


‘1 


66 


8411 
9062 


83y 


— 88y 
—92y 
—68y 
—Tly 


—T79y 


Horizontal Intensity. 


17124 
17199 
17607 
“17792 
17928 


1904-52 - 


17923 


“18282 


“18360 


192 
= 
ip 
| 
| 
27 
28 
98 
28 
28 
28 
| 


Secular Variation of the Magnetic Elements. 


Secular Variation. 

Date. Declination. Dip. Horizontal Intensity. 
1913°48-1912°48=1 yr. —12'4 +7''8 —76y 
1913:48-1908°47 =5-01 yrs. —11:1 +76 —97y 
1912-48-1908°47 = 4:01 yrs. —10°5 +76 —102y 
1908°47-1906-50 = 1:97 yrs. +76 —93y 
1908-47-1905:09 = 3°38 yrs. —7°8 
1905:09-1900°47 = 4°62 yrs. —8°6 +88 —TTy 
1904:52-1900°28=4-24 yrs. —72 | | +85 | t ~87y 
1903-00-1900:28 = 2°72 yrs. +8°7 
1903-00-1899°55 = 3°45 yrs. +8°5 


1913-48-1900-28 = 13°20 yrs. —8°9 
1913-48-1899-55 = 13°93 yrs. 


Mauritius. 

Declination. Dip. Horizontal Intensity. 

9° W. 53° 398 8. 

9 14:3 53 44:9 23415 -T.M., vol. xvi., p. 214 
13°6 53 49-0 23461) 
53 *23680 
29-0 54 11:0 23826 
39°2 54 ‘23873 T.M., vol. viii. p. 8 


vol. xii., p. 181 


48°7 54 ‘23913 T.M., vol. iv., p. 135 
08-9 54 24079) Mauritius Mag. Re- 


9 
9 
9 
9 
9 436 54 27-4 ‘23900 T.M., vol. v., p. 128 
9 
0 
0 43°3 55 02-0 J ductions by Claxton. 


1 
1 
Secular Variation. 


Date. Declination. Dip. Horizontal Intensity 
1909-1907 = 2 yrs. —4'6 —42y 
1907-1900 = 7 yrs. —31 —52y 
1907-1890 = 17 yrs. —80 —4-0 —25y 
1890-1880 = 10 yrs. —1:2 


Mozambique. (5) 


Date. Declination. Dip. Horizontal Intensity. 
1898-95 11° W. 49° 8. 24349 
1906-65 9 504 49 54:1 ‘24053 


Secular Variation, 
1906°65-1898-95 = 7°70 yrs. +1'8 — 38y 
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1909 | 
1908 

1907 
1903 
1900 

1898 

1897 

1896 
1890 

1880 
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Naauwpoort. (2, 3) 


Date. Declination. Dip. Horizontal Intensity. 
1908-48 25° W. 60° S. 17810 
1901-97 26 176 56 18340 
1898:27 59 24:3 “18599 


Secular Variation. 


1908-48-1901-97 =6°51 yrs. —9"'7 —8ly 
1901-97-1898:27 = 3:7 yrs. +70 —70y 


Nelspruit. (2, 4) 

Date. Declination. Dip. Horizontal Intensity. 
1911-59 19° W. 59° S. 18612 
1903-69 20 58 29°8 19278 


Secular Variation. 


1911:51-1903-69 = 7:82 yrs. —B85y 


Newcastle. (2, 3, 4) 


Date. Declination. Dip. Horizontal Intensity. 
1913-50 20° 33'°6 W. 60° S. 17975 
1908°50 21 46°5 59 57-1 18471 
1903°75 22 31:2 59 41:0 *18827 


Secular Variation. 


1913-50-1908°50 = 5 yrs. —14'6 45"5 ~99y 
1908°50-1903'75=4-75 yrs. —9-4 43-4 
1913-50-1903-75=9°75 yrs. — 12-1 445 ~87y 


Orange River. (2, 3) 
Date. Declination. Dip. Horizontal Intensity. 
1908-49 24° 36"2 W. 59° 40’0 S. 18138 
1902°55 25 33°3 59 01:0 18635 


58 23-0 "18950 


1898-00 


Secular Variation. 


1908-49-1902'55=5°94 —9"6 —84y 
1902:55-1898 = 4:55 yrs. +83 ~69y 


Secular Variation of the Magnetic Elements. 


Pella. (3, 4) 


Date. Declination. Dip. Horizontal Intensity. 
1909-02 26° W. 57° 52"6 8. 18507 
1912°98 25 58 23°2 18094 


Secular Variation. 


1912-98-1909-02 = 3°96 yrs. —10'4 +7'°7 —105y 


Potgietersrust. (2, 3) 


Date. Declination. Dip. Horizontal Intensity. 
1909-50 19° W. 57° 31'3 19431 
1903-50 20 39-4 56 58°9 “19832 


Secular Variation. 
1908-50-1903-50 = 5:00 yrs. —8'-0 +6':4 —80y 


Pretoria. (2, 3) 


Date. Declination. Dip. Horizontal Intensity. 
1908-50 21° W. 58° 32'-4 S. 18952 
1903-49 22 58 02-7 ‘19377 


Secular Variation. 
1908-50-1903-49 = 5-01 yrs. —10'-2 +5'9 —85y 


Queenstown. (2, 4) 


Date. Declination. Dip. Horizontal Intensity. 
1911-50 24° 38"0 W. 61° S. 17271 
1901-00 26 32:71 60 49°6 "18184 


Secular Variation. 
1911°50-1901:00=10°50 yrs. —11"4 +5'°4 —89y 


Springfontein. (2, 7) 

Date. Declination. Dip. Horizontal Intensity. 
1913-49 23° 58''8 W. 61° 22’0 S. 17178 
1903-41 25 58-1 60 14:4 18103 

16 


| 
| | 
| 
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Secular Variation. 
Date. Declination. Dip. Horizontal Intensity. 
1913-49-1903'41=10-08 yrs.  —11'8 —92y 


Tananarive. 


Declination. Dip. Horizontal Intensity. 
9° 297 W. 54° 05"'7 S. 25330 T.M., vol. xvi., p. 214. 
10 15:0 54 075 ‘25736 T.M., vol. xii., p. 181. 


Secular Variation. 
1907-1902 = 5 yrs. —9'-1 —8ly 


Van Wyk’s Vlei. 


Date. Declination. Dip. Horizontal Intensity. 
1912°93 25 37°6 59 55°6 "17584 
1904-95 26° 53'°8 W. 58° 583 S. 18346 


Secular Variation. 
1912-93-1904:95 = 7:98 yrs. —9'-5 +7'-2 —95y 


Victoria Falls. (2, 3) 


Date. Declination. Dip. Horizontal Intensity.. 
1909°49 17° W. 51° S. 21673 
1904°52 17 42:3 51 31°5 22011 


Secular Variation. 
1909°49-1904-52 = 4:97 yrs. — 68y 


Warrenton. (2, 4) 


Date. Declination. Dip. Horizontal Intensity. 
1911-93 23° 25'-0 W. 59° S. “18069 
1903°21 24 55°6 58 466 “18819 


Secular Variation. 
1911-93-1903°21 = 8°72 yrs. —10'-4 +6'8 — 86y 
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Date. 

1907 
1902 


Secular Variation of the Magnetic Elements. 


APPENDIX II. 
FURTHER RESULTS OF OBSERVATIONS IN SOUTH AFRICA. 


Bethlehem.—Latitude 28° 13'8 S. 
Longitude 28° E. 


Repeat station. (See “ Report,’ Appendix, p. 28.) 


Declination (D). 
Date. G.M.T. D (observed). Observer. 
1913 June 28 8.43 a.m. 22° 06-9 W. Beattie 
10.19 a.m. 22 03:3 
12.07 p.m. 22 01°6 
12.25 p.m. 22 02-1 


Dip (6). 

Date. G.M.T. Needle. 6 (observed). Observer. 

1913 June 28 I11.l5am. 1,,, 60°16"758. Beattie 
1l.l6am. 5,,, 60 151 
11.18 am. 2,,, 60 
11.18 am. 6,,, 60 15°5 


Horizontal Intensity (H). 


Date. G.M.T. H (observed). Observer. Instrument. 


1913 June 28 8.59 a.m. V 
9.29 a.m. D °18025 Beattie 


10.0la.m.V “18022 


Cape Town.—Latitude 33° 56’-1 S. 
Longitude 18° 28’-7 E. 


Repeat station. (See “ Report,’ Appendix, p. 42.) 
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Instrument. 
73 
” 
” 
” 
Instrument. 
9 
” 
” 
” 
73 
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Declination (D). 
D (observed). 
27° 139 W. 
13°5 
05°3 
05:1 
12-1 
06:3 
03°8 


Observer. Instrument. 


Beattie 73 


G.M.T. 
8.34 a.m. 
8.52 a.m. 27 
1.16 p.m. 27 
1.48 p.m. 27 
9.38 a.m. 27 

10.12 a.m. 27 
12.21 p.m. 27 
12.46 p.m. 27 


Date. 
1913 Dec. 21 


Dip (0). 


Needle. Observer. Instrument. 


Beattie 9 


G.M.T. 
9.58 a.m. 


Date. 
1913 Dec. 30 


(observed). 
60° S. 


lige 


Date. 
1913 Dec. 22 


Repeat station. 


Date. 
1913 July 9 


9.58 a.m. 
9.59 a.m. 
10.00 a.m. 


Horizontal Intensity (BH). 


G.M.T. 


7.48 a.m. 
8.24 a.m. 
8.52 a.m. 
9.21 a.m. 
10.17 a.m. 
10.52 a.m. 
11.45 a.m. 
12.22 p.m. 
12.56 p.m. 
1.27 p.m. 
2.00 p.m. 
2.27 p.m. 


6.40 


<i 


60 23°8 
60 25:0 
60 26°8 


H (observed). 
H,, *17323 


yo 17338 
go 17332 
yo 17339 

17344 


17312 
‘17312 


” ” 
Lowinger 


” 


Observer. Instrument. 


Beattie 73 


Loéwinger 


Beattie 


Cradock.—Latitude 32° 09"6 S. 
Longitude 25° E. 


Declination (D). 


G.M.T. 


12.27 p.m. 
1.13 p.m. 
1.45 p.m. 


D (observed). 
24° 30'-4 W. 
24 29:3 
24 29°8 


(See “‘ Report,” Appendix, p. 50.) 


Observer. Instrument. 


Beattie 73 


| — | 
| 
— 
H 
| H ” ” 
H ” ” 
H ” ” 
— 73 
” ” 


Date. 
1913 July 9 


Date. 
1913 July 9 


Repeat station. 


Date. 
1913 July 3 


Date. 
1913 July 3 


Date. 
1913 July 3 


Repeat station. 


Dip (6). 
G.M.T. Needle. (observed). 


112lam. 61° 46.68. 


112la.m. 61 460 


Horizontal Intensity (H). 


G.M.T. H (observed). 
1.20 p.m. V 17107 


Secular Variation of the Magnetic Elements. 


Observer. 
Beattie 


” 


Observer. 
Beattie 


Estcourt.—-Latitude 29° S. 
Longitude 29° 54’-0 E. 


Declination (D). 


G.M.T. H (observed). 
8.19 a.m. 21° O15 W. 
10.13 a.m. 21 03-2 


12.26 p.m. 20 59-2 


Dip (6). 


G.M.T. Needle. @ (observed). 
11.10am. 1,,, 61°08"25. 


11.10am. 5,,, 61 07:0 
11.10a.m. 2,,, 61 07-0 
11.10a.m. 6,,, 61 076 


Horizontal Intensity (H). 


G.M.T. H (observed). 
8.35 a.m. V 
9.17 a.m. D H,, ‘17477 
9.55 a.m, V H,, "17479 


(See “‘ Report,’’ Appendix, p. 63.) 


Observer. 
Beattie 


” 


Observer. 
Beattie 


Observer. 


Beattie 


” 


Greylingstad.—Latitude 26° 44"6 S. 


Longitude 28° E. 


(See “‘ Report,’”” Appendix, p. 73.) 
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Instrument. 
9 


” 


Instrument. 


73 


Instrument. 


73 


Instrument. 


Instrument. 


73 


” 

” ” 
” ” 

” ” 

” 


Transactions of the Royal Society of South Africa. 


Declination (D). 
Date. G.M.T. D (observed). Observer. Instrument. 
1913 July 7 6.34 a.m. 20° 17''7 W. Beattie 73 
7.16 a.m. 20 17:0 
8.48 a.m. 20 20°3 
10.19 a.m. 20 19-4 


Dip (6). 
Date. G.M.T. Needle. 6 (observed). Observer. 
1913 July 7 9.35a.m. 1,,. 59° 5455S. Beattie 
9.35a.m. 5,,. 59 55°8 
9.36a.m, 2,,, 59 543 
9.36a.m. 6,,. 59 


Horizontal Intensity (H). 
Date. G.M.T. H (observed). Observer. Instrument. 
1913 July 7 7.30 a.m. V 
8.05 a.m. D H,, °18102 Beattie 
8.32 a.m. V H,, *18097 


Hutchinson.—Latitude 31° 29’6 S. 
Longitude 23° 150 E. 


Repeat station. (See ‘‘ Report,’ Appendix, p. 87.) 


Declination (D). 
Date. G.M.T. D (observed). Observer. Instrument. 
1913 June 25 8.54 a.m. 25° 12"°6 W. Beattie 73 
10.36 a.m. 25 x 
12.53 p.m. 25 


Dip (6). 
Date. G.M.T. Needle. 6 (observed). Observer. Instrument. 
1913 June 25 11.53a.m. 1,,, 60° 47'8 5S. Beattie 
11l54a.m. 5,,. 60 460 
11.54a.m. 2,,. 60 483 
11.55a.m. 6,,. 60 476 


Horizontal Intensity (H). 
Date. G.M.T. H (observed). Observer. Instrument. 
1913 June 25 9.11 a.m. V 
9.48 a.m. D H,, *17392 Beattie 
10.15 a.m. V H,, *17394 


Instrument. 
9 


Secular Variation of the Magnetic Elements. 


Illovo River.—Latitude 30° 
Longitude 30° 51'-0 E. 


Repeat station. (See ‘‘ Report,’’ Appendix, p. 89.) 


Declination (D). 


Date. G.M.T. D (observed). Observer. Instrument. 
1913 July 2 6.43 a.m. 21° 24"-9 W. Beattie 73 
7.36 a.m. 21 27:3 
9.33 a.m. 21 26:2 
11.31 a.m. 21 24-9 


Dip (8). 
Date. G.M.T. Needle. 6 (observed). Observer. Instrument. 
1913 July 2 10.29 a.m. 1,,, 62°07'458. Beattie 
10.29a.m. 5,,. 62 
10.30 a.m. 2,,, 62 O7-4 
10.3la.m. 6,,. 62 08-1 


Horizontal Intensity (H). 


Date. . G.M.T. H (observed). Observer. Instrument. 
1913 July 2 7.51 a.m. V 
8.33 a.m. D H,, °17132 Beattie 73 
9.09am.V “17130 


Matjesfontein.—Latitude 33° 14"2 8. 
Longitude 20° E. 


Repeat station. (See “ Report,’’ Appendix, p. 119.) 


Declination (D). 


Date. G.M.T. D (observed). Observer. Instrument. 
1913 June 22 7.16 a.m. 26° 50"1 W. Beattie 73 
7.42 a.m. 26 50°5 
9.42 a.m. 26 51°5 
2.26pm. 26 480 
2.40 p.m. 26 48°7 ” 
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Dip (6). 
Date. G.M.T. Needle. @ (observed). Observer. Instrument. 


1913 June 23 8.04a.m. 1 61° 05'9S. Beattie 9 
8.0la.m. 2 61 03-1 
8.07 a.m. 3 61 05°6 ” 
8.08 a.m. 4 61 02:1 ” 
952am. 1,,. 61 O71 ” 
9.52am. 5,,, 61 081 
9.53 a.m. 2,,, 61 056 
9.53 a.m. 6 61 07:3 


Horizontal Intensity (H). 
Date. G.M.T. H (observed). Observer. Instrument. 
1913 June22 . 803 a.m. V H,, 17121 Beattie 73 
8.47 a.m. D H,, °17126 
9.17 a.m. V 


Newcastle.—Latitude 27° 45'3 8. 
Longitude 29° E. 


(See “ Report,’’ Appendix, p. 136.) 


Repeat station. 


Declination (D). 


Date. G.M.T. D (observed). Observer. Instrument. 
1913 July 4 1.28 p.m. 20° 318 W. Beattie 73 
2.11 p.m. 20 31:3 
July 5 6.23 a.m. 20 34:0 
7.06 a.m. 20 


8.38 a.m. 20 37:3 


Dip (6). 
Date. G.M.T.' Needle. 0 (observed). Observer. Instrument. 


1913 July 5 9.42a.m. 1,,, 60° 2515. Beattie 9 

9.42a.m. 5,,, 60 24-4 

942a.m. 2,,, 60 256 


Horizontal Intensity (H). 
Date. G.M.T. H (observed). Observer. Instrument. 
1913 July 5 7.10 a.m. V 
7.53 a.m. D H,, *17985 Beattie 73 
8.22 a.m. V H,, °17964 


; 
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| 
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Secular Variation of the Magnetic Elements. 


Springfontein.—Latitude 30° 16'7 
Longitude 25° E. 


Repeat station. (See ‘‘ Report,’ Appendix, p. 177.) 


Declination (D). 
Date. G.M.T. D (observed). Observer. Instrument. 
1913 June 26 8.32 a.m. 24° 00''8 W. Beattie 73 
9.01 a.m. 24 
10.35 a.m. 23 59°3 
12.31 p.m. 23 
1.21pm. 23 565 


Dip (8). 
Date. G.M.T. Needle. 6 (observed). Observer. 
1913 June 26 11.34am. 1,,, 61° 22'65S. Beattie 


11.34a.m. 5,,. 61 21°8 
11.34a.m. 2,,, 61 218 
11.34a.m. 61 219 


Horizontal Intensity (BH). 


Date. G.M.T. H (observed). Observer. Instrument. 
1913 June 26 9.17 a.m. V 
9.46 a.m. D H,, °17177 Beattie 
10.17a.m.V “17179 


” ” 
” ” 
” ” 
“ 
‘ 


i 
: 
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PROPERTIES OF PFAFFIANS, 
WITH THEIR ANALOGUES IN DETERMINANTS. 


By Tuomas Murr, LL.D. 
(Received May 5, 1914. Read May 20, 1914.) 


1. In the course of a recent inquiry connected with Pfaffians the 
identity 
—15!| 2346 | + 16!| 2345 | + 56'| 1234 
= 231|1456| — 1356| + 34'| 1256| 


or, in more concrete notation, 
—a,|b, b, be|+a6| 6, b, a, a, 
C, & C, Cy b, b, 
de d, 
= b,|a, a, ag|—b,|a, a, a; 
d, dg Cs b, be 
&6| &6 &6 


made its appearance, and had to be verified. It is most readily established 
by noting that the Pfaffians occurring in it are principal minors of 


1123456] or '|a,b,c,d,¢6|, 


and that therefore the two members of the identity are by a theorem of 
1903 * each equal to 
a,b,¢,d | | |. 


There is, however, another way of looking at it which is more instructive 
and which leads with ease to other identities of like kind. 


2. Denoting the said Pfaffian of the third degree by ff, and its 


adjugate b 
'| A,B,C,D.Kg |, 


* Trans. of S. African Philos. Soc., xv., pp. 35-41. 


( 205 ) 
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we have, of course 


ff = a,A,+4,A,+4,A, +a4,A, + 
ff = a,A,+5,B,+5,B, +5,B, + 
ff = a,A,+6,B,+¢,0, + ¢,0, | 
ff = 

ff = a,A,+6,B,+¢,C,+d,D, + 


where the oblong assemblage of terms on the right has a peculiar 

approximation to axisymmetry and can be made actually axisymmetric 

by introducing a zero diagonal. Subtracting now any one of the six 

expressions, say the first, from the sum of the remaining five we obtain 
4ff = 


and 2f = (b, b, b, bs {B; B, B, Bs), 


CO, C0, Cg 
d, dg. D, De) 


and five others similar to it. Again, by subtracting the sum of any two, 
say the first and second, from the sum of the remaining four, and dividing 
by 2 we find 
ff = Cs KC, C, Ce) a,A,, 
Ds 
€6| Kg| 


and fourteen others similar to it. And, lastly, by subtracting the sum of 
any three from the sum of the remaining three we obtain 


0 = (d; de§D, De) — (az a, Ay) 
Ee! b,| 


and nineteen others similar to it. Among the nineteen is the identity 
with which we started. 
The general theorem may be enunciated thus: If p, v be complementary 
minors of a Pfaffian, and M, N the corresponding minors of the adjugate, 
then 
| — 


as a multiple of the Pfaffian, the multiplier being 0 when p, v are of the 
same order. 


3. In determinants there is an almost perfectly analogous theorem. 
Here, however, instead of having one set of expressions, all of which are 


: 
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employed in reaching any case of the theorem, we now have two sets, the 
one arising from consideration of the rows and the other from the 
columns. For example, the determinant being 


|a,b,c,d,e,fe|, or A say, 
we have for it the six expressions 


a,A,+a,A,+... 


and the other six 
a,A,+6,B,+... 
a,A,+6,B,+... 


and our procedure now is to subtract the sum of any number of the one 
set from the sum of any number of the other set. Thus, if in the first set 
the expressions summed be the 2nd and 3rd, and in the second set they 
be the 1st, 5th, 6th, the result of subtraction is 


A = (a, a; A, (6, b, B, B,). 
1d, d, D, Dy De c,|\C. C; C,| 


|e, es|| By E, 
Sy foll Fs F, 


When the number of expressions taken from the one set together with 
the number taken from the other amount to 6, the arrays in the result 
besides being complementary are square: and when the number taken 
from both is 3, the coefficient of A is 0. 


4, The set of six expressions for ff in §2 is of course the analogue of 
the two sets of expressions for A in §3. The latter two sets, however, 
have associated with them two other well-known sets, namely, 


a,B,+a,B,+... 
a,C,+a,C, +... 


and when we seek for the analogues of these in the theory of Pfaffians, 
they are not so readily arrived at. It is interesting therefore to note that 


+ 
b,B, + t+ beBs, 
a,A,+6,B,+...+f,F,=0 
a,A,+6,B,+... +48, 
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they make their appearance when we try to establish the relation 
between a Pfaffian and its adjugate. 

From the theory of determinants we know that the square of this 
adjugate is 


and where, generally, the cofactor of any element of the original Pfaffian 
'|a.b,c,d.¢6| is got by deleting the two frame-lines in which the element 
is situated and prefixing the sign —- when the sum of the numbers of the 
lines is even. Multiplying this determinant row-wise by the determinant 
which is the square of '|a,b,c,d,e¢| itself, namely, by 


we obtain 


in other words, we have the equality 
(adjug. of = f°, 


from which it follows that 
adjug. of f = f*", 


and, generally, that 


| ‘ A, A, A, A, Ag| 
A. B, B, B, Be 
—B, C, C, Ce 
—A, -C, D, Dé! 
where 
d, d, 
&6 
| a, a; a, a, 
b, b, b, be 
—a, —b, ‘ d, dg 
P ff ‘ 
| 
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Now in the performance here of the row-by-row multiplication we 
make use of thirty-six results, six of which constitute the set whose 
analogue we know; and the remaining thirty are those we are in search 
of, namely, 


( 0, Ay Ay A,, Ac 0, b,, b,, be) = 0 
a3, -b,, 0, Cy Css C6) = 0 


(-Ag, -D,, 0 -b,, —Cs, -d,, 0, = 0 
or, in less instructive form, 
+ 


+ + + d.D¢ =0). 


5. On recalling the fact that the vanishing expressions corresponding 
to these in the theory of determinants are viewable as determinants with 
two rows or two columns identical we are led to seek for the analogous 
theorem regarding the nullification of a Pfaffian. It may be stated as 
follows: The value of a Pfaffian is 0 tf the elements in the part of the 
rth line which is parallel to a part of the sth line be identical with the 
corresponding elements of the latter, the element common to the two lines 
be 0, and the remaining elements of the rth line differ only in sign from 
the remaining elements of the sth line. For example, the lines being the 
8rd and 5th,* we have 


* The following diagram of the frame-lines of the Pfaffian || 12.23.34. 45.56] will 
help to make this clear :— 


st line 
--|---—>2nd line 
---——>3rd line 
++-——>4th line 
--——> 5th line 


The 3rd and 5th lines are seen to be parallel at the outset and at the close; their common 
element is 35; and their remaining elements are 34 and 45. (See my Text-book of 
Determinants, pp. 197-204; Proc. Lond. Math. Soc., xiii., pp. 161-164; and Transac. 
R. Soc. Edinburgh, xl., pp. 49-58). 
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@, @, G, a| = 0. 
b, b, be 
~d, 


5 


With this in front of us it is easy to see that the identities at the close of 
the preceding paragraph can be written in the form 


O=|. 5, be | =m|—b, . & C6] 
3 5, b, b, b, 
C, Cs C, C, 
d, dg| d, 


e6| 


6. As the vanishing of a determinant which has two rows or two 
columns identical is usually deduced from the fact that a determinant is 
only altered in sign when two of its rows or columns are interchanged, it 
is not unnatural that the theorem formulated in the preceding paragraph 
regarding Pfaffians should be deducible in a similar way. As a matter of 
fact such is the case, the antecedent theorem being as follows: The 
value of a Pfaffian is only altered in sign if the elements in the part of 
the rth line which is parallel to a part of the sth line be interchanged 
with the corresponding elements of the latter, the element common to the 
two lines be changed in sign, and the remaining elements of the rth line 
be altered in sign and interchanged with the remaining elements of the 
sth line similarly altered. For example, the 3rd and 6th lines being 
taken, it is seen that the parallel parts of them are 


a 
and 


b. 


the common element is c¢, and the remaining parts are 


de. 


c,c,; and 


we thus have 


| 


—dg —@ 
ds | a, ~c,| 
—c,| 
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d, de 
4 

la, a, a, a o, 
b, b, bs 6, bs 
| 


Properties of Pfaffians. 
As the like operation performed with the 1st and 3rd lines of 


b, b, bg 
CG, Cy 
d, dg 


leaves it unchanged in form, its value must be 0, as we have seen. 


7. Going still a stage further back we have the theorem: The value of 
a Pfaffian remains unaltered if the elements in the part of the rth line 
which is parallel to a part of the sth line be increased by m times the 
corresponding elements of the latter, the element common to the two lines 
be left unchanged, and the remaining elements of the rth line be 
diminished by m times the remaining elements of the sth line in order, 
For example, when the two lines are the 2nd and 5th we have 


ja, G; = |a,+ma, a, a, a; | 
b, b, b,—me, b,—md,_b, 
C, Cy C. CoC 
d, de d, dg | 
| 
&6 


and when the lines are the 5th and 2nd we have it equal to 


& b, be | 
c, ¢,—mb, C6 | 
d,—mb, dg | 
eg . 


The theorem, like its analogue, may be effectively used in making 
‘evaluations.’ Thus 


3 6 10 15 3 6 10 5 
4 10 20 4 10 10 
5 15 5 10 
6, 6) 


« 


8 6 -3 
-6 -22 10 
-21 10 
6 
17 
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6 —168+132+18 
-6 -22 
-21| 


—18. 


8. With its help also there may be deduced a condensation-theorem 
or Pfaffians similar to that for determinants,—that is to say, a theorem 
expressing a Pfaffian of the nth order by means of one of the (n—1)th 
order. 

Thus, taking '|a,b,c,d.egf,gz| and performing in succession the 
operations 


a,line, — a,line,, a,line, — a,line,, a,line, — a,line,, ... 


we change into 0 all the elements of the Ist line except a,, and thence 
derive the result 


'|a2bse,| 

'|a.be fs| 


The case of the preceding order, 


'|a,b,¢,| 
a,b,d,| a,b,d¢| 


'|a,b,c6| 


'|a,b,¢¢| 


1 
2 


is not so interesting, because the Pfaffian on the right is then a minor of 
the adjugate of the Pfaffian on the left, and the identity is thus otherwise 
known. 

If we write the theorem in the umbral notation, for example, 


112345678]. (12)? = 1234] 1235] |1236| ... 
1245] 1246) ... 


i 
| 212s 
| 
. 
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we see that it may be viewed as an ‘extensional’ of the manifest 
identity 
'|345678| = '|34 35 36 37 38], 
45 46 47 48 
56 57 58 
67 68 
78 


—a fact which makes the analogy with the corresponding theorem in 
determinants still more striking. 


9. On the other hand it has to be noted that although in the case of 
the other known condensation-theorem, Hermite’s * of 1849, there is also 
an analogue, the resemblance is not nearly so close, the elements of the 
new Pfaffian being no longer Pfaffians themselves but determinants. 


Thus 
1 
= 


and if the elements of the new Pfaffian here be denoted by 
P,, Py; Q» Qs RB, 


the next case may be written 


| | 
| 198 | = 


| 


and similarly for higher orders. 


10. There is apparently no theorem in Pfaffians corresponding to the 
strictly so-called ‘multiplication-theorem”’ of determinants. The theorem 


* Hermite, C., ‘‘Sur une question relative & la théorie des nombres.’’ Journ. (de 
Liouville) de Math., xiv., pp. 21-30, 


& 
a . d, a, dg 
Gs, 
a, d, de 
. & 
| 
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in determinants, however, which concerns the multiplication of an n-line 
determinant by an expression of » terms has a close analogue in Pfaffians, 
namely, The product of an n-line Pfaffian by an expression of n terms 
is equal to the sum of n Pfaffians the rth of which is got from the given 
Pfaffian by multiplying the elements of the rth line by the terms of the 
given expression deprived of its rth term. For example 


ja, a, xX +2,+2,+2,) 
b, b,| 
C,| 
a, a,| + |a, 
b, a,b, 2,b, 


4 


+ Ja, 
xd, 
| 


By way of proof we have only got to look for-the cofactor of z on the 
right-hand side. 


} 
a,b, 
4 
‘ 
4 
4 


A PROOF BY ELEMENTARY METHODS, WITHOUT COM- 
PLEX QUANTITIES, THAT EVERY ALGEBRAIC FUNCTION 
(WITH REAL COEFFICIENTS) HAS FACTORS OF THE 
FORM (a?—pr+q) (p, q, REAL) AND HENCE, EVERY 
ALGEBRAIC EQUATION WITH COEFFICIENTS REAL OR 
IMAGINARY, HAS REAL OR IMAGINARY ROOTS EQUAL 
IN NUMBER TO THE DEGREE OF THE EQUATION. 


By Proressor W. N. Roseveare, M.A, 
(Communicated by Professor Lawrence Crawford.) 
(Read June 17, 1914.) 


Let represent any algebraical function of z, 
of degree n, having its coefficients real: we proceed to consider whether it 
has a factor of the form (x? —- px +q), where p, q are real. 


§ 1. The remainder when w is divided by (x?-px+q) is, as is well 
known, obtained by putting 2*-pxr+q=0, i.e. x?=px-q, whence it 
follows that z'=p,_.7 - q;; 


Pi-v being determined by = 


=pi_.(px—q)— qa. 
Whence 


Di = and qi+ 1 
Pi 


This reduction-formula combined with p,=1, q,=0 (i.e. p_,=9), gives 
all the values of p,; and q;. 

In the above work i may be a negative integer ; we now proceed to 
show that the p’s and q’s for negative integers are closely connected with 
those for + integers. 

Thus if 


x = qp-i-: 
and 


TPi-» 


(215 ) 
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— — YP») = 1. 


and 


Since 


PPi-1 — =P» (1) reduces to p_;_,p;= 3 


Pas _ Wis _pygy 
Pi y @), Q(PiPi-s— Pi-s) 


And 


PiPi-. —Pi-. QPi-2) —pi_.( = qPi-;) 
= = +++ = — = 


Hence 


Pa 


§ 2. Now the remainder of the division is 


— QPn—2) + — +++ + + Ay 
+ Pn—2 An—1 Po) re Q(4oPn—s + 4; Pn; Gn-2Po + 


Therefore the conditions for no remainder are 


+ Oy + + Po =O 
and | 


Ay Ay + +++ + + = 0 


Employing the relation p,=pp,;_,—qp;_., we can obtain from these two 
conditions any number of equations of the form 


The notation will be easier to follow if we continue this investigation 
for the special case of m=8: we shall write 0, 1, 2, ete. for a,, a,, a,, etc. 


Using p ,= we get for v=2, 3, . 


. the equations 


1p, +2p, + 3p, +4p, + 5p, + 6p.— =0. 


1p, +2p,+3p.+ 4p, + 5po— 


° Dy 2 


q* q 
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we have 
|| 
P 
Op.—2 
q 
; 


A Proof by Elementary Methods. 


These equations are seen to involve coefficients of p, 


(1) of the form 0-5, 1- a ... Which we shall write 08, 17, etc., the 
index of q being half the difference of the figures, and 


(2) of the form — ... Which we shall write ‘8,, the dot 


indicating zero here and in vacant places in the following 
determinants. 


From the seven equations above p,, p.,... Pp. can be eliminated, 
giving the determinant equation 


0, 68 
57 
46 
35 
06, 24 
13 


*3,, 02 


| °8,, 


Moreover, the middle five equations (omitting the first and last) are 
linear equations for p,, p,, ---, Pr» Pos from which we get 


3, 48 
28, 37 
17, 26 
‘ 06, 15 
53 . D3, 04 


Calling the first determinant D, and the second pair D{ and D, we see 


that if D,=0 gives us a real value of q, p=5 gives us a wnique 
5 


corresponding value of p. 


§ 3. We proceed to prove that D,=0 has real roots in g (in the result 
we find that there are always 4 + roots). 


(i) The term independent of q is 07 in the leading diagonal. 


* This eliminant can also be obtained by assuming the quotient of the original division 
to be b.z"—-?+-b,2"-3...4+b,_,4+b,_,, and determining the b’s; or, as the eliminant of f(x 


and 4(;)- See Dr. Muir, in Proc. R. S. Ed., xxi., p. 360. 


217 
0," 2, 
(ie 
‘Bs, “7s, 
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(ii) The highest power of - is obtained from the 8’s in the other 


diagonal: its index is (7+6+...+1)= A and its sign is 


(—)*t5+-+"(—)? = (—)’4, and generally, if the degree of the original 


n(n—1) 
function is n, the sign is 
| We shall assume 7 to be even and a, and a, to be+ : for, if is odd, 
or a, have opposite signs, a,c" + +... +a,=0 is known, on account 
of its continuity, to become 0 for some real value (a) or values of x: thus 
there are factors (xy—a): removing these, we have in every case only to 
consider the divisibility by (cz? —px+q) of a function of even degree, with 
a, and 


Thus considering the determinant equation to be one in q’ (for =) it 
n(n—1) 
begins and ends, a.~"(—q') * ...+a,"~-?=0,so that the equation certainly 
has a real root unless 7 is ‘‘ even-even.”’ 


§ 4. Continuing the work for n=8, we notice that D, is a determinant 
concentric with D,. 
Let (48), (37), (26), (15), (04) in brackets denote the minors of the 
corresponding elements of the last column of D,, and treat D, thus :— 
Multiply the 1st row by (48), and the 3rd by (48)q; the 2nd and 4th 
by (37), (37)q ; 3rd and 5th by (26), (26)q; 4th and 6th by (15), (15)q ; the 
5th and 7th by (04), (04)q; and add columns for a new last row. 
The scheme is represented below, the multipliers being written against 
the rows, and D, being screened. 


(15) + (37)q 


| (04) + (26)q 
(15)q 


The elements of the new last row are determinants consisting of the 
first four columns of D, with varying fifth columns as shown below. 


0, 1, 2 38/0;1) 240¢q | 34+1gq |48+2q |57+3¢ | 48q | 


0, 1, 1 28+0q |37+1q | 464+28¢ | 
| «» Wi 17 26+08q |35+17q | 269 
| 


| Bo “6, | | 04 + | 13+ | 04g 


0, *1, 2, 8 4, 5, 68] (48) 
i, 2, 3, 48) 57 | 
37, 46} .........(26) + (48)q 
, 
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These seven take values., ., ., ., D,, D‘, gD,;, where D{ has the 
meaning already given to it in § 2. 

Thus, noticing that the original last row was multiplied by (04)q, which 
is seen to be 0.D,q, where D, is the concentric determinant of order 3, 
we have 


Therefore, reading off from the last row, 
D{ (say). 


Therefore, when D,=0, gD,.D, is —; that is, D,, D, have opposite or 
like signs as g is +. 
Now treat D, in the same way, using minors of D,; we get 


3, 48 
28, 37 
06, 15 
Di, gD, +D; 


qD,D,=(qD,+ D")D,—D?+D,. Dy say. 


Hence, when D,=0, D,, D, have opposite or like signs as g is +. 
Now 


D,=08=a,— 
q 


4? 


and when 08 is zero 


Therefore when 08=0, D, has the opposite sign to q.* 


§ 5. This method, though for convenience the details have been given 
for n=8, will be found to be quite general for even. 


* A similar treatment reduces dialytic and circulant determinants to two or three 
terms of like form to those in the text. 


a 4.484 4.4 @ 
“4 
| 0, 1, 46) 
qD,.0.D,=|., ., 08, where D=| ., 08, 35) 
Ty | Ty 24 | 
‘0, 1, 28 
| ‘1 2 
17 q 
06 
q 
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Thus we have the result :— 


Build up a determinant of order »—1, with the successive concentric 
determinants. 


and so on. 
It will be found that of each set of three successive determinants, the 
extremes have for + values of g opposite signs when the middle one is 0, 


Also D,=a,—a,q'?=0 (n being even) has a + root; and D,, q’ have 
opposite signs when D,=0. The beginning and end of D,, D,, D, ... are 


sn 


gn sn 
D,=a3...+a3q'?; D,=aj...—ajq’?; 


Hence the following scheme of + roots and signs (0 on a line indicating 
a group of an odd number of roots). 


Thus D,_,=0 has at least - (n—1+1), ie. 5 real + roots. 


2" +a,2""' +...+4,=0 has 5 factors of the form (x?—px+q). 
Q.E.D. 


Notes. 


A. If (a+:3) is a pair of imaginary roots, a?+/*=one of the 3 real 


values of g. Thus the above scheme giving regions for these values of q 
gives some indication of the values of the moduli of imaginary roots. 


| An 

a, a 

ay a,— an 

q q q 
q 0 Degree. 

n 

3 

\ 

Se 
Ds + = 
| D (n—1)n 


A Proof by Elementary Methods. 


B. If the given equation has some of its coefficients imaginary 
+ (a, 


an equation of degree 2n with real coefficients. We have proved that this 
has n pairs of factors of the form #—(a+:{). 

Since (2) is the product of (1) and its conjugate (a, -.a})z"..., 
(1) or its conjugate must hold when z=a+3=7(cos 0+: sin 6). 


And if (a,+.a;)r"(cos sin 7)... =0, 
(a,—1a,)r"(cos sin n@)... =0 follows. 


Therefore we may say that of the 2n roots of (2) those of form a+. are 
roots of (1) and those of form (a—73) are roots of the conjugate. 
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MALET’S PROOF THAT EVERY EQUATION HAS ROOTS, 
REAL OR IMAGINARY, EQUAL IN NUMBER TO ITS 
DEGREE. 


By Proressor W. N. Roseveare, M.A. 


(Communicated by Professor Lawrence Crawford.) 


(Read June 17, 1914.) 


The writer has not found it easy, with the books of reference at his 

command, to trace the final result of the mathematical search for a proof 
x that ‘‘ every equation has a root real or imaginary.” Cauchy’s proof by 
vectors is of course well known, but the text-books give no purely 
analytical proof. Burnside and Panton have an instructive note in an 
Appendix; and the German “ Encyklopiidie,” on pp. 233 et seq., gives 
p summaries of various attempts. In a “ Note”’ of 1870 Clifford suggests 
i a form of proof. As will be shown below this proof is unsound; but 
i Clifford’s idea was taken up in 1882 by Malet, who published a sound 
proof, of which the following paper gives the substance. It seems to be 
generally accepted that this is the earliest straightforward proof of the 
‘Fundamental Theorem of Algebra.”’ Elliott in Proc. Lond. Math. Soc., 
xxv., March and April, 1894, discusses Clifford’s and Malet’s proofs, 
dismisses both as unsound, and suggests another proof which he confesses 
that he cannot complete owing to the intractability of a determinant. (To 
the present writer Elliott’s reasons for rejecting the earlier proofs are not 
convincing.) Clifford’s proof ends thus : Eg (an equation of degree 8) has 
a quadratic factor if E,, has a real root; Eg has a quadratic factor if 
E,,.27 has a real root; E,,,., has a quadratic factor if E,4q has a real 
root. This last condition is true: therefore ... E,, has real root; .°. Eg 
has a quadratic factor. Thus stated the unsoundness is obvious. On the 
other hand, Malet’s proof seems to be sound. The following paper gives 
the substance of the proof, and develops some of the detailed work by 
means of the treatment of certain determinants which the writer has 
suggested in a previous paper. 


2 
$ 
i 
ie 
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§ 1. Malet’s proof is (in substance) :— 

Let f(x) + +...+a, be an algebraic function of of degree 
n, with the coefficients a,, a,,... a, real. We proceed to prove that f(x) =0 
always has a root, real or imaginary. 

We know by the principle of continuity that if n is odd, f(x) =0 has a 
real root. If is even, let r=a+/. 
Then 

f(x) = + + A,B"? +... + A,, 


A,=f(a), 


where 


and 
A 


f'(a) 
ji | 


the derived functions) ; A,=a,. 


Now try to determine a and 3 so that the even and odd parts of f(x) 
are separately 0. 
That is 
A,B" + A,B"? +... + A,_.3? +A, =0 ) 
and 


+ ++ 4 A,_,) 0} 


The possible solution 83=0, A,=/(a)=0 we need not discuss. Other 
solutions are obtained by eliminating 3? by the ‘dialytie ’’ method, which 
gives an equation for a of degree n(n—1)/2. Moreover, the process also 
gives (3? as a unique function of any root a of the final equation. There- 
fore, if a certain equation of degree n(n —7)/2 has a root (real or imaginary), 
f(z) =0 has two roots, x=a+/3. 

Now, if is odd f(x) =0 has a real root. Assume 7 to have a factor 
2°, then n(m—7)/2 has 2 only to the degree 2°~". 

Thus /(x)~0, when » contains 2°, has a root if a certain equation 
whose degree contains 2°" has a root. It follows that this second 
equation has a root if one of degree containing 2°’ has a root, and as this 
process ultimately leads us to an equation of odd degree which has a (real) 
root, the proposition is proved. 


§ 2. This (Malet’s) proof of the ‘‘ Fundamental Theorem of Algebra”’ 
leaves nothing to be desired; but the following detailed discussion of the 
work of eliminating §? by the dialytic method, including a more direct 
proof that f(z)=0 has m roots real or imaginary, offers some points of 
interest. 


We shall give the work in detail for n=8 for the sake of brevity; but 
we shall show that the method is quite general. 


| 
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To eliminate 6? from 


and 


we multiply both equations by ..., the upper one (*37-1) times, 


and the lower G- 1) times, so obtaining (n — 1) equations in /3+,..., 


from which we get a determinant eliminating #3. 
Thus for n=8 


A,B? + + + + 
A,B"? + + A,B° + + =0 
A, + A,/3° + A,34 + AB? + Ag=0 
+ A,B? + A,=0 
A,B"? + + + 
A,B? + A,B'° + + 


te 
Ay A,, 4 69 As, 


(a dot meaning zero.) 


Also, omitting the first and last of the equations, we have 5 equations 
for the 5 “ unknowns,”’ ..., 3". 
Thus 


— =| 


We proceed to prove that D,=0 has (at least) 4 real roots. We shall 
use the suffixes of A,, A,, etc., only. 


and 
| 
Ao A,, A, Ag, Ag, 
+s Ay Az As, A;,| 
» A,, A, he A, As, A, 
| 


Malet’s Proof that every Equation has Roots. 


D,= 


(D, shown screened). 


3 
5 


Treat D, thus: (8), (6), (5), (7), (.) in brackets denoting the minors of 
the last column of D, (viz. 8657.), multiply the 1st row of D, by (8), the 
2nd by (6), and the last three by (5), (7), (.) as shown below. 


02 4 6 
0 2 
0 


1 3 6 


and add columns for a new last row. 

The elements of this new row will be seven 5-line determinants, of 
which the first four columns are those of D,, the last one varying and 
being shown below between verticals. 

Thus 


or 


“1 ox 


so that the seven values are.,.,.,., D,, Di, . 
Noticing that the original last row was multiplied by (.) which 
0 2 4 
=0;. 1 3| =0.D, (say), and reading off D, from the new last row, 
1 3 5; 


D,.0.D,=—D,.0.D{+D,.0. Df say, 


Therefore when D,=0, D,, and D, have opposite signs. 


225 
Thus 
. 0246 8. 
che @ 44.68 
. 13 | 
» 
4 6 8 
£2284 
0 2 4 
1 3 5 
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Treating D, in the same way with minors of D, we get 


=D".0.D,—0.D2+D,.0. Dy say. 


Therefore, when D,=0, D,, and D, have opposite signs. 


The proof will be seen to be general (for even 7). 
The result may be thus stated :— 
Build up a determinant D,_, by means of concentric determinants 
Ay 
Ay A, 
three consecutive determinants the extremes have opposite signs when the 
middle one is 0. 


etc. Then we have proved that of every 


0, 2, 4 
Again when D,=A,=0, D,=|. . 38/=-0.32. 
1. 8 5] 


“i Now 0 is i f"(a)=a,, which we take to be +. 


We will prove in subsequent articles that D,, D,, D,, ... D,, are of 
dimensions 1, 6, 15, ..., v(v+1)/2 and that the coefficient of the highest 
power of a is always +. Hence the following scheme of signs and roots 
(0 on a line indicating a group of an odd number of roots) : 


. 


D, + + 


Degree. 
1 


4 


D,.0.D,=|0 2 4 6 
. 02 4 6 
|: 
|. 3 7 
D, D, Dy 
| 
a=-@ 
6 
D, -——9 
D, +——. L + 8.7/2 
n : 
ee g groups of roots. : 
| n(n—1)/2 
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It remains to justify the signs of D,, D,, ... whena=+a. We shall 


then have proved that D,_,=0 has (at least) 3 real roots in a, and that 3? 


has one value for each root ofa. .°. f(r)=0 has 5 pairs of roots (a+). 
Q. E. D. 


§ 3. To prove that the highest power of a in D, has index v(v+1)/2 
and a + coefficient. Rejecting all but highest powers in A,, A,,..., taking 
a, to be 1, and indicating binomial coefficients by n,, 

D, =(/1, n,at, Nea®, Nga® 
1, n,at, n,a® 


Na, N,a3, Nas, N,a7, Nad. 


Dividing out powers of a in the columns 
1, m,a3, a3, 
1 n,a, n,a, ha 


Na, Nat, Nat, Nat. 
Multiplying the first two columns by a3, a, we obtain 


1 es 
ey 


Mz, Ty, Ny Ry, 


The index of a is 5(5+1)/2, and a similar process gives for the highest 
index in D,, v(v+1)/2. 


§ 4. To prove that the coefficient is +. 


Consider D,= 


Nyy Ny, Neg 
Noy Ny Ne 
n,, N3, Ns 
«.. 
Ne, Nes 
| 
Na—ss Noss 
eee 
18 
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Since we know 
Nis = (n 1), 
n, + 2n,_,+n,_,=(n + 2), 
and in general 


we can, by grouping rows, express D, in the form 


Nas Ns 
(n+1),, (n+1),, 


| 
| 


(n+v-—1),, (n+v-1), 


Which 

do.in6, ... 


This determinant is (i) symmetrical in (n—a), (n—b), ...; (ii) of order 
(v—1)+(v—2)+...+0. By (i) it is divisible by the product of differences 
{b—a).(c—a)(c—b). ..... This product is of order 1+2+4...4+(v—1), there- 
fore any other factor is independent of (n—a), (n—b), ... and can be 
obtained by taking special values, n-a=0, n-b=-1, n-c= -2, ... 
n— last = -v+1. All the elements above the leading diagonal become 0, 
and the diagonal is /v—1 /v—2... /l1. 

The product of differences becomes /v—1 /v—2... 1, therefore the 
numerical factor is 1, and we obtain 


= ,, Prod. of dif. 


Now, the original D,=_ ............... 
» Ny, 


can be reduced to the more general form by bringing the last row to the 
top, the last row but one to the third, and the last but two fifth, etc., and 


putting a for 1, b for 3, ¢ for 5, ... 
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Therefore 


D, becomes prod. of diff. 


which, since v-1, v-3 ... are even, and 2v-l<n+v-1, is +. 
Thus the signs assumed when a= + are justified, and the proposition 
is fully proved. 


§ 5. Nore.—It can also be proved directly from the foregoing that / is 
@ pure imaginary when f(x) does not vanish for real values of z. 
If we write D, in the equivalent form 


86420. 
9 0 
. 7 8 

7531 


the concentric determinants will be different. 
The new D, will be seen to be equal to 


12 468 
02 4 


_ 

a om 


1 3 6 
3.5 7 
D, is now 7, which =/"(a); and when 7 (of odd degree) =0, D, = — 8°5?, 
i.e. D, has the opposite sign to f(a). Therefore, if f(a) 1s always + the 
scheme of signs is the same as in the previous work in § 2 (end). 
It follows that when D,=0, the new D, has the same sign as the old 
D,; but the simultaneous equations which gave /?, (+, ... 3'° show that 


ola D, , therefore is — ve ; therefore is ve, and 3 is imaginary. 


« 
| 


— 
4 
‘| 
| 
. 


( 281 ) 


PRELIMINARY INVESTIGATION ON THE DETERIORATION 
OF MAIZE INFECTED WITH DIPLODIA ZEAE, (Schw.) Lev. 


By Paut A. vAN DER Bust, M.A. 
(Communicated by Mr. I. B. Potz-Evans.) 
(Read July 15, 1914.) 


Sound maize and food products prepared from sound maize are 
recognized as most wholesome articles of food, but whether maize infected 
with this fungus is equally wholesome, or whether it can be considered 
safe for consumption is an altogether different question. 

Smith and Hedges* state that possibly corn infected with Diplodia 
may have been the cause of the death of great numbers of negroes in the 
Southern States during the years 1906-1909 from a disease known as 
pellagra, which follows the consumption of mouldy corn meal and mouldy 
hominy. 

They also consider it worthy of inquiry as to whether this fungus 
may not be the cause of the so-called “ corn-stalk” disease prevalent 
among cattle in the Western States. 

Evidence has also been brought by various farmers of the Province of 
Natal, who state that not only does this disease cause severe loss to their 
crops, but also produces paralysis and death amongst stock fed on infected 
cobs, especially if the cobs were damp and not properly dried out. Sheep 
especially have been reported very susceptible. 

In August, 1912, Government Veterinary Surgeon Webb, stationed at 
Mooi River, Natal, submitted specimens showing this disease, and wrote : 
‘‘T am also sending you some specimens of mealies taken from fields in 
which cattle have become sick, showing symptoms of intoxication and 
paralysis due, I believe, to poisoning with the Fungi on the mealies.” 

Mr. I. B. Pole-Evans (Chief, Division of Botany, Union Department 
of Agriculture), visited Natal in October, 1912, and referring to this 


* E. F. Smith and F. Hedges, ‘‘ Diplodia Disease of Maize (Suspected cause of 
Pellagra),” Science N.S. vol. xxx., No. 758, pp. 60-61. 
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disease as the cause of paralysis and death in stock, writes: ‘‘All the 
cobs examined from the various farmers prove to be infected with 
Diplodia zeae, (Schw.) Lev.” * 

Black and Alsberg + have devoted some time in finding an adequate, 
and, at the same time, simple test for determining whether corn products 
are fit for human food. Such a test they consider to be the determination 
of the acidity of corn—a test well known in both Italy and Austria, 
where the Governments have enacted stringent laws regulating the quality 
of corn and corn meal which may be sold or imported. 

The authors, besides giving a description of the method of determining 
the acidity, give and discuss various other tests. Their work and sug- 
gestions have been closely followed and frequent reference will be made 
to it. 


A.—CuHEMISTRY OF Maize INOCULATED WITH THE FuNGUS IN PURE 
CULTURE, COMPARED WITH THE CHEMISTRY OF ConTROL MaIzE 
NoT so INOCULATED. 


On the 11th of January, 1914, a large flask containing 1 lb. crushed 
maize soaked in 500 c.c. distilled water and autoclaved was inoculated 
with spores of Diplodia zeae and incubated at 25°C. (Fig. 1). A control 
flask which was otherwise similarly treated, but not inoculated, was 
incubated at the same time. 

On the 23rd of January the contents of the two flasks were shaken 
out and placed in the sun on trays to dry. The inoculated flask showed a 
rich pure white cottony growth, the control was sterile. 

On the 24th of January, the two sets were separately ground up in a 
coffee mill, the control being taken first. 

With this ground material the following tests were made :— 


(1) Acidity. 


Method.—Ten grams of the inoculated and ground maize was placed 
in a 50-c.c. measuring flask which was then filled to the mark with 
85 per cent. neutral alcohol (prepared by distilling 95 per cent. alcohol 
with the addition of quicklime). The flask was kept at room temperature 
for 24 hours with an occasional shaking. 

At the end of the above period the contents were filtered into a 
measuring funnel ; 25 c.c. of the filtrate was placed in a beaker and the 


* Union Department of Agriculture, Division of Plant Pathology and Mycology, 
Annual Report 1912-1913. 

+ O. F. Black and C. L. Alsberg, ‘‘ The Determination of the Deterioration of Maize 
With Incidental Reference to Pellagra, U.S. Department of Agriculture.’ Bureau 
Plant of Industry Bull. No. 199. 
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washings of the funnel added. 100 c.c. distilled water and a few drops of 


phenolphthalin was added. on 


run into this with frequent stirrings, and when the colour was pale pink 
the amount of Sodium Hydrate added read off. This multiplied by 10 gave 
the acidity of 1,000 grams of the substance in terms of cubic centimetres 
normal Sodium Hydrate. 


Sodium Hydrate from a burette was then 


Fic. 1.—Flask-culture of Diplodia zeae 10 days at 25° C. 


Result.— Acidity in c.c. 
Normal NaOH. 


Black and Alsberg advise that corn meal should not have a greater 
acidity than 30 c.c. They found that extraction for 24 hours while not 
giving maximum acidity, nevertheless gives uniform and comparable 
results which is all that is desired for practical purposes. Warming the 


‘ 
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flask during extracting was found objectionable because much zein goes 
into solution, and unless a thermostat be used other differences are pro- 
duced. The effect upon acidity determination of slight changes in the 
concentration of the alcohol, they found to be insignificant. Later 
experiments* carried out by the Office of Grain Standardization, United 
4 States of America, Department of Agriculture, found that the degree of 
4 acidity is directly proportional to the percentage of damage and to the 
commercial grading at terminal markets, but inversely to the percentage 
of germination. 


(2) Moisture and Ash Determination. 


These were determined in the usual way, following the suggestions 
made by Black and Alsberg :— 


Result.— 


Control. Inoculated. 
Per cent. Moisture 6:8 13°5 


ig. 1°61 7°42 


Black and Alsberg state that in Italy the amount of ash is regarded 
as significant and over 4 per cent. considered a sure sign of deterioration. 
The ash content of good corn should be in the neighbourhood of 1°5 per 
cent. 

Nearly all the ash is located in the germ, and the ash determinations, 
therefore, indicate how far a meal has been degerminated and the starchy 
endosperm layer removed. 


(3) Fat Determination. 


Five grams of the inoculated and control substance respectively were 
extracted with water-free Ether for five hours in a Soxhlet’s Apparatus. 
The Ether was then evaporated, the residual fat dried and its weight 
determined. 


Result.— 


Per cent. Fat in 
Dry Material. 


As mentioned by Black and Alsberg, the greater part of the fat is 
situated in the germ, and the fat determination would enable one to 
a determine whether meal has been adulterated with the germ. 


* J. H. Besley and G. H. Baston, ‘‘ Maize Acidity Investigation.” Agricultural 
Journal of the Union of South Africa, vol. vii., No. 4, pp. 549-552. 
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The germ contains about three times more oil than ash, hence of the 
two determinations the latter would be the more delicate for determining 
the degree of degermination. 


(4) Nitrogen Determination. 


The Nitrogen was determined by Kjeldahl’s process. One gram of 
the dried substance was treated with 30 c.c. strong Sulphuric Acid and 
heated until there were no free solid carbonaceous particles present. 
Eight grams dry Potassium Sulphate was then added and the heating 
continued. After a while a few grams Manganese Dioxide was added 
gradually and the heating kept up until all the carbonaceous material 
was oxidized. When the mixture had lost nearly all its colour the 
flame was removed and the mixture allowed to cool. 

The cooled acid solution was next poured into a large flask containing 
100 c.c. distilled water. The small flask was rinsed out three times with 
distilled water and its contents added to the large flask. 100 c.c. strong 
Sodium Hydrate (357 grams to the litre) was added to the contents of the 
large flask; and the cork, fitted with a bent glass tube through which 
steam was to pass, and a splash-head leading to the condenser, immediately 
inserted. Steam was then passed through the large flask and the distillate 


absorbed in 20 c.c. ; Sulphuric Acid. This passing of steam was con- 


tinued until red litmus paper held over the exit was not changed. 


The distillate was then removed and titrated with 7 Sodium Hydrate 


using Methyl Orange as indicator. 


Result.— 
Per cent. Kjeldahl’s 
Nitrogen in Dry Material. 


(5) Reaction of Ori. 


This reaction depends upon the fact that moulds contain enzymes 
known as catalases, which are capable of oxidizing Hydrogen Peroxide 
and thus liberating Oxygen. This enzyme also occurs in corn kernel, 
but is less abundant. Black and Alsberg found it located practically 
exclusively in the germ, and point out (1) meal from good whole corn 
will decompose Hydrogen Peroxide to a certain extent. (2) Thoroughly 
degerminated meal ought not to decompose Hydrogen Peroxide. (3) The 
extract of germ gives almost as powerful a reaction as spoiled meal. 
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(4) Meal might be made from corn spoiled in such a way that the moulds 
were situated mainly in the kernel. If in milling the corn be thoroughly 
degerminated and carefully bolted, the greater part of the moylds might 
be removed. Such meal might show a high acidity and yet give a weak 
reaction. (5) The action of the enzyme is destroyed at 60°C. and higher. 


Viv 


Fie. 2.—Maize inoculated with Diplodia zeae by puncturing through husks 49 days 
after inoculating. 


Carelessly dried corn might therefore lose its power to decompose 
Hydrogen Peroxide. (6) With the above limitations the reaction of Ori 
has its value and might be developed into a useful and rapid quantitative 
method. 


| 
4 
ae 


Deterioration of Maize Infected with Diplodia zeae. 237 


Method.—Five grams of the substance was extracted overnight with 
15 c.c. of a 50 per cent. aqueous solution of Glycerin. The extract was 
then filtered through paper; 1 c.c. placed in a test tube and 4 to 5 drops 
of a 3 per cent. solution Hydrogen Peroxide added. 


Result.— 
Inoculated Very small bubbles after a little while. 
The bubbles increase in size and the 
effervescence becomes more rapid. 
Control No bubbles. 


B.—CHEmistry oF Maize INOCULATED WITH THE FUNGUS IN THE 
GARDEN, COMPARED WITH THE CHEMISTRY OF HEALTHY CONTROL 
Maize. 


In view of the fact that Maize may undergo certain changes when 
sterilized in an autoclave, it was thought desirable to carry out the tests 
already mentioned, also on maize inoculated in the garden, and to com- 
pare the results with that obtained from healthy maize which had stood 


alongside the inoculated. 

Maize cobs (Fig. 2) inoculated on the 16th of March, 1914, by 
puncturing through the husks with a sterilized needle dipped into 
water containing the spores of the fungus, were picked on the 5th of 
May, 1914, and placed in the sun to dry. Control cobs were picked 
at the same time and treated similarly. 

On the 12th of May, 1914, the kernels of the diseased and control 
cobs respectively were ground up separately in a coffee mill, the control 
being ground first. 

With the ground-up material the following tests were made, following 
the methods described in part A of this paper. 


(1) Acidity. 
Acidity in ¢.c. 
Normal NaOH. 


(2) Moisture and Ash. 
Percentage 
Moisture. 
Control 
Inoculated 


Percentage 
Ash. 
1:48 
1-94 
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Percentage Fat in 
Dry Material. 


5°5 per cent. 


(4) Nitrogen Determination. 


Per cent. of Kjeldahl’s 
Nitrogen in Dry 
Material. 


(5) Reaction of Ori. 


Small bubbles after a while, but 
effervescence never vigorous. 

Bubbles at once and effervescence 
becomes vigorous. 


SumMary. 


1. Though previous publications have dealt with the deterioration of 
maize generally, I believe this to be t’:e first where attention is directed 
to one particular parasitic organism. These preliminary investigations 
have opened up a wide field for furuher research and investigation. 

2. Maize infected with Diplodia zeae has a higher acidity than 
healthy maize. 

3. Infected maize gives Ori’s reaction distinctly. Healthy maize gives 
only a slight effervescence. The fact that the control of the crushed 
mealies inoculated after autoclaving gives no effervescence, is due to 
the destruction of the enzyme in sterilizing. In the inoculated material 
this enzyme originated from the fungus. 

4. Infected maize has a higher percentage of ash brought about by the 
fungus using the organic substances as food, but leaving the salts, etc. 

5. The percentage of Nitrogen is also higher in the inoculated material. 

6. The fat content of maize inoculated in the laboratory and of maize 
inoculated in the field differ remarkably as compared with their respective 
controls. In the laboratory the inoculated has a higher percentage of fat, 
and in the field a lower, as compared with their respective controls. In 
the field the fungus lives in and destroys primarily the germ, 7.e. the 
region containing the most fat. The cobs were inoculated while young, 
and hence the fungus hindered the development of the germ and as a 
result a lower percentage of fat. How far this fungus is able to live on 
fat or to convert it into Fatty Acids has still to be determined. 


— (3) Fat. 
Control ......... 
Inoculated ...... 
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7. For practical purposes the acidity determinations appear the most 
useful, though with the limitations stated the reaction of Ori could be 
developed into a delicate test. 

Tue Botantcat LaBoraTORIES OF THE 

Union or Soutn Arnica, 
P.O. Box 1294, 
PRETORIA. 
June 23, 1914. 


Norr.—Since writing this article a letter has been received from the 
principal Medical Officer, Basutoland, who writes :— 

“In reply to your (the Agricultural Officer, Maseru) inquiry as to the 
prevalence of Pellagra in Basutoland, I beg to inform you that except 
in the Leribe District, no cases of that disease have been notified. The 
supposed cases of Pellagra above referred to were attributable to the 
consumption of damaged or unripe grain. 

“Scurvy is common at times, and its prevalence is, as above, 
attributable to the same cause.” 


q 


THE MORPHOLOGY OF THE TADPOLE OF XENOPUS 
LAEVIS. 


By T. F. Dreyer, B.A., Ph.D. 
(Read August 19, 1914.) 


Material.—It was my intention to study the development in detail, 
but the Plathander (or, more correctly, Platanna), could not be got to 
oviposit in captivity and the tadpoles have been very scarce in ponds near 
Bloemfontein during the last two dry years. My youngest specimen 
should be about three years old, judging by particulars given by Leslie ; * 
for it has no tentacles, no tail fins, and its head is not yet flattened dorso- 
ventrally. I can accordingly say nothing about the early development. 

Serial sections were prepared of five different stages, but as the head 
and branchial skeleton were considered of greatest importance, the 
series was not continued to the anus except in the youngest specimen. 
Two series ceased in the middle of the mesonephros and two were not 
taken beyond the head. 

The Platanna tadpoles have been described and beautifully figured by 
F. E. Beddard,+ and those points raised by him will first be discussed. 

Sucker.—Beddard denies W. K. Parker’s } statement that a sucker is 
not developed; I can support Beddard, for my youngest specimen has a 
distinct sucker. 

Tentacles.—Boulenger, in a footnote to Leslie’s already quoted paper, 
compares the tentacles of Xenopus to the balancers of Triton and 
Amblystoma; Orr,§ according to Beddard, states that these balancers 
are the homologues of external gills belonging to the mandibular arch, 
and Beddard denies the homology of the tentacles and balancers, since the 
tentacles of the Xenopus tadpole are attached, on each side, to the 


* Leslie, Proc. of the Zoo. Soc., London, 1890. 

+ Beddard, Proc. of the Zoo. Soc., London, 1894. 
{ Parker, Phil. Trans., vol. 166 (1877). 

§ Orr, Q.J.M.S., 1889, p. 295. 
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“ethmoid just above the point where Meckel’s cartilage articulates.” It 
is of course clear that the tentacles cannot be mandibular gills if they 
are attached to the ethmoid; but a consideration of the clause in inverted 
commas shows, I think, that the word ‘‘ethmoid”’ is a mistake and must 
be replaced by “ palatal portion of the palato-pterygo-quadrate bar ’’ (see 
my Fig. 7 and the discussion on the first visceral bar). If such a substi- 
tution is made Beddard’s objection falls to the ground. But I have found 
that not only is the tentacular cartilage joined ‘ above the point where 
Meckel’s cartilage articulates,’ but also to the ethmoid in front of the 
nasal sac, 2.e. to the cornu trabeculae; and in view of this fact one must 
deny the homology of the Xenopus tentacles with the Triton balancers, 
unless one accepts the theory that the trabeculae cranii represent a pair 
of premandibular visceral bars. Beddard is of opinion that the tentacles 
should be compared to those of a Siluroid fish or “ perhaps better to the 
nasal barbels of Myxine and Bdellostoma.’’ The barbels of the Siluroids 
are supported by the rudimentary maxillaries, 7.e. in the embryo probably 
by Meckel’s cartilage. In Myxine the barbels are supported by cartilages 
which are figured free. In Bdellostoma the barbel-cartilages are attached 
to the lingual bar (.e. either basi-hyal or basi-branchial). The homologies 
of the tentacular bars, as expressed by Beddard, are rather vague. I am 
of opinion that they represent labial cartilages, even although Beddard 
found that the posterior root was formed as an outgrowth from the 
ethmoid (palatal) cartilage. 

Lungs.—Beddard observes that the high, columnar epithelium charac- 
teristic of the gill-slits does not extend into the glottis. My specimens, on 
the contrary, did show such an extension of the columnar epithelium, and 
therefore support the theory that the lungs and gill-slits are homologus 
organs (see Fig. 2, which is taken through the tadpole in a region 
posterior to the commencement of the groove leading to the third slit 
and still shows the tall epithelial cells medially ; these extend backwards 
into the glottis). 

Respiration.—Sedgwick * says that the larval respiration of Aglossa is 
entirely by means of lungs. Beddard states that since the filtering appa- 
ratus in the grooves leading to the gill-slits is the only observable respira- 
tory organs, they must perform the act of respiration. Marshall and 
Bles, + as quoted by Beddard, say, for the Frog, ‘‘ as the blood is returned 
from them (i.e. filtering apparatus) to the somatic veins, it is probable 
that they are not actively respiratory.” 

Beddard found external gills in the very young tadpoles, but did not 
know that they continued to be present at later stages, since he says that 
‘“‘they (filtering apparatus) clearly must be respiratory in Xenopus, as 


* Sedgwick, ‘‘ Student’s Textbook of Zoology,”’ 1905. 
+ Marshall and Bles, ‘‘ Stud. Biol. Lab., Owens Coll.,’’ ii., 1890. 
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there are no other gills.” This is incorrect, as will be shown later under 
the heading “ Operculum,”’ but the gills cannot be respiratory, since they 
receive no special blood supply (see G1 and G2 of Fig. 5). 

The lungs are developed and supplied with pulmonary arteries and 
veins at a very early stage, but they remain sacs with such delicate walls 
that it is not probable that they are the only organs active in respiration. 
Also, the tadpoles do come to the surface to swallow air occasionally, but 
they can remain under water for such long periods that the air cannot be 
their only source of oxygen. 

The statement of Marshal and Bles that the blood from the filtering 
apparatus is drained into somatic veins, holds good also for Xenopus ; for 


Fic. 1.—Et = Ethmoid cartilage ; N = nasal sac; M, = muscle band attached 
anteriorly to dorsal edge of Meckel’s cartilage, posteriorly to the hinder dorsal end of 
the pterygoid cart. ; M, muscle band from M, to tentacle; MC Meckel’s cart. ; TC cart. 
from palatine to tentacle; M, muscle from outer edge of hyoid to Meckel’s cart.; S. 
mandibulo-hyoid slit; G, thymus; Hy hyoid bar; M, “ respiratory” muscle. 


the lingual, external jugular and precaval veins (see Fig. 8) receive the 
blood from the three pharyngeal grooves, but I do not see why the 
respiratory function of these grooves should on this account be denied, 
especially when it is seen that they are so richly supplied with blood 
(A1-6 Fig. 7). 

Gill-slits and Associated Glands.—Beddard noticed the deep pouch 
situated just behind Meckel’s cartilage, and the lateral prolongations of this 
pouch represented, he thought, the mandibulo-hyoid cleft. Fig. 1 shows 
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these lateral prolongations as the slits, S1, and the small cup-shaped 
glands G1, associated with them. 

The second gill-slit or hyo-branchial is shown in Fig. 3 as Sp between 
the hyoid bar (Hy) and the first branchial bar (Br); it does not open to 
the exterior. It has no gland associated with it. 


Fic 2.—1 backward continuation of anterior choroid plexus; D diencephalon ; 
PB pituitary body; Gl ganglionar root of nerves 4-7; 2 internal jugular vein; 3 in- 
ternal carotid artery; Th. thymus; M muscle joining 1st branchial bar to cranium 
(see opposite side of section); S see text; 4 systemic arch (3rd last); 5 2nd last aortic 
arch; 6 last aortic arch (pulmo-cutaneous) ; Ly lymph spaces; CA conus arteriosus ; 
Th2 thymus. 


The three branchial slits begin in the floor of the pharynx as grooves 
running obliquely backwards and opening through slits the anterior ends 
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of which are more ventral than the posterior. By these grooves the 
pharynx is widened in the manner shown by me~* in a previous paper. 
In connection with the first branchial slit, apparently opening into the 
opercular cavity, but really situated near the base of the external gill of 
the second branchial bar (as I shall show later under the heading 
“‘Operculum”’), there is another gland (Gl of Fig. 4 and Th2 of Fig. 2). 

These two glands, the one in connection with the mandibulo-hyoid 
cleft (G1 Fig. 1) and the other in connection with the 1st branchial cleft 
(Th2, Fig. 2 and Gl Fig. 4), are no doubt thymus glands. 


Fic. 3.—TC trabecule cranii; IJV internal jugular vein; P palato-pterygoid bar ; 
ON optic nerve; Sp hyobranchial slit; Hy hyoid bar; EJV external jugular vein; 
Br 1st branchial bar attached to basi-branchial; LV lingual vein; CA carotid artery 
(external) ; Th thyroid gland; Ly lymph spaces. 


The thyroid glands are present in the form of a pair of coiled tubules 
(Th of Fig. 3) which lie under the anterior connection, in front of I, 
Fig. 7, of the branchial bars to the basi-branchial. They do not open into 
the mouth in my youngest specimens, 

In Fig. 5 of my previous paper, already quoted, there is shown two 
glands on the outer side of each external jugular (EJ); the anterior is 


* Dreyer: Trans. Royal Soc. of South Africa, vol. iii., pt. 3, p. 353, 1913. 
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the thyroid, the posterior the thymus, It seems therefore that the 
anterior pair of thymus glands (those in connection with the mandibulo- 
hyoid cleft) do not develop in the adult. 

Besides these glands there is another pair of glands (Th Fig. 2) which 
are much larger and are situated near the posterior end of a deep groove 
running between the palato-pterygo-quadrate bar and the trabecula 
cranii; the groove commences just behind the palatal attachment of the 
bar and is continued backwards below the pedicel attachment. The 
groove S, as shown in Fig. 2, may appear to be adventitiously formed by 
the two flaps growing downwards into the pharyngeal grooves; further 
forwards, however [in Fig. 3 it has just “ tailed out” in the edge of the 
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Fic. 4.—Lv = external jugular vein; B, = 1st branchial bar; Gl thymus gland ; Gp, 
and Gp, Ist and 2nd external gill pouches. 


pharynx pointing in a direction between the pterygoid (p) and the 
trabecula (TC)] it can be seen to be a perfectly well-defined groove which 
is probably the vestige of a premandibular gill-slit. The almost spherical, 
ductless, compact gland produced as a proliferation of the epithelium of 
such a slit could then also be called “ thymus” gland. Now what I take to 
be the thymus glands of the adult are two yellowish, fatty-looking bodies 
situated in the floor of the mouth just behind the thyroid glands (the latter 
still recognizable as a pair of coiled tubules), i.e. exactly in the situations 
of the thymus glands of the 1st branchial slit. But the dorsal glands, 7.c. 
those in connection with the ‘“ trabeculo-mandibular”’ slit would have a 
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position such as that defined for the thymus by Sedgwick (p. 277), viz. 
“close to the angle of the lower jaw (in the Anura behind the tympanic 
cavity and beneath the depressor mandibule muscle’’). I take it, there- 
fore, that it is these ‘“ trabeculo-mandibular” thymus glands which are 
developed in Anura. In Xenopus, although relatively enormous in the 
tadpole, they have escaped my notice in the adult. 

Operculum.—The operculum on each side of the body is a ventro- 
laterally attached fold of skin which is broad in the middle and gradually 
tails out towards the posterior. Towards the anterior it becomes very 
narrow, and then its free anterior end is fused with the body-wall (Fig. 5, 


Fic. 5.—B1, 2, and 3 1st, 2nd, and 3rd branchial bars; Cl and 2 Ist and 2nd gill 
slits; G1 and 2 1st and 2nd external gills ; Gp1 and 2 1st and 2nd external gill pouches; 
Ep epidermis ; Oc opercular cavity. 


OC). It is a theory, generally accepted I think, that the operculum 
represents an external gill growing backwards from the hyoid bar. Fig. 5 
shows that it only starts on a level with the beginning of the 2nd gill-slit 
and the end of the Ist gill-slit ; reference to Fig. 7 will show that this is 
far back from the hinder ends of hyoid. However, if the hyoid were 
continued straight backwards it would lie directly under the attachment of 
the operculum so that, also in Xenopus, the two lateral opercula may be 
taken to be hyoidean gills. 
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The structure of each opercular cavity may be described as follows : 
There is firstly an outer groove formed by the upwardly bent opercular 
fold—this is the real opercular cavity, although only at the anterior end 
may it be called a “cavity.”” Secondly, into this groove there open three 
pouches which I have called “external gill-pouches (Fig. 5, Gp 1 and 2). 
These three external gill-pouches may be imagined to have arisen by the 
partial fusion of the outer ends of three backwardly directed external 
gills—the last would of course fuse with the body-wall. Beddard actually 
saw external gills in very young tadpoles, and Fig. 5 shows two of these, 
G1 and G2. A section taken just in front of that represented by Fig. 5 
would show the first gill, G1, attached ventrally, i.e. distally—it would be 
seen in the same way as is G2 in Fig. 5. The third gill commences further 


Fic. 6.—1 coelomic epithelium; 3 hinder end of pronephros; 2 nerve to arm; 
5 connective tissue; 4 epidermis; 6 sac into which arm is invaginated. 


back than the level of Fig. 5 and is attached to the third visceral bar 
(B3). Each external gill-pouch is provided with a band of muscle fibres 
(two are shown in the two gills in Fig. 5) which runs around it and is 
attached to the branchial bars in front of and behind it. The contraction 
of these muscles would put the contents of the pouches under pressure and 
at the same time widen the opercular openings of the pouches. The wall 
of the external gill-pouches, 7.e. the gills, are not vascular, and cannot 
therefore be actively respiratory. 

Fore-limbs.—The operculum, on each side, tails out just ventral to the 
end of the last branchial bar, while the fore-limbs are developed further 
backwards and, moreover, dorsal to the ends of these bars. The fore-limbs 
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Fic. 7.—Reconstruction of cranium and visceral skeleton. On left side the arteries 
are put in schematically as thin lines. ICA = internal carotid artery ; PerA = peri- 
cardial artery; DA = dorsal aorta; VA = vertebral artery; ECA = external carotid 
artery ; Ped = pedicel of sub-ocular arcade; OP = otic process of subocular arcade ; 
LS 1-3 = level of sections 1, 2, and 3. For rest of lettering see text. 
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are not, however, developed as simple outgrowths, but have what may 
be called an “endogenous” origin. Each arm is seen to lie in a little sac 


cv 


Fia. 8.—Schematic representation of the principal veins of the Xenopus tadpole 
(the pulmonary veins are omitted) from reconstructions of serial sections. PN = 
pronephros; PND = pronephric duct; MN = mesonephros. For rest of lettering 


see text. 


(Fig. 6), but my material was not young enough to determine whether 
this sac was formed as an independent invagination or as a separation 
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from the end of the opercular cavity ; its position is against the latter 
view. 

Lachrymal Canal.—In more advanced tadpoles there is on each side 
a canal which, at one end, opens into the nasal sac just beside the external 
opening of the latter; from here it runs backwards and outwards, opening 
to the exterior by a double pore just above the articulation of Meckel’s 
cartilage, behind the attachment of the tentacular bar. Its position, 
running from the nose to a region in front of the eye, and its double 
aperture suggests its homology with the lachrymal canal of reptiles, birds, 
and mammals; but it cannot be described as a duct running between the 
trabeculae and the palato-pterygo-quadrate bar as the lachrymal duct should, 
according to Foster and Balfour.* Perhaps it is to be compared to the 
second nasal opening of Ganoids and Teleosteans. 

Visceral Skeleton.—I have already mentioned the skeletal rods of the 
tentacles and expressed the opinion that they are homologous with labial 
cartilages (TC of Figs. 6 and 7). 

First Bar.—The palatal portion is stout and is divided into two portions 
by a small foramen. The two portions may perhaps be the prepalatine 
cartilage (PPa) and the palatine (Pa). The articulation of Meckel’s 
cartilage is far forward, but the pedicel (Ped) has also a large outward 
projection (Q), and I am of opinion that the latter (Q), and not the larval 
articulation, is the quadrate cartilage of the adult. Reasons for such an 
opinion are :— 

1. The statement, common to textbooks, that during metamorphosis 
the quadrate articulation shifts backwards cannot be taken literally since 
then the palatines, which are necessarily the regions of growth for such 
a shift, would have to be directed obliquely backwards in the adult ; 
instead, the palatines always point directly outwards. 

2. The position of the pterygoid portion (P) would be shifted rela- 
tively to the palatine and quadrate unless the articulation gradually 
shifted back along it; but the change is rapid and could be much better 
explained by saying that the old articulation is retained; that during the 
late larval life Meckel’s cartilage grows back past the articulation until it 
forms another articulation with (Q) on the pedicel; that during meta- 
morphosis the larval articulation (with the palatine) is lost and the larger 
gape thus formed. 

3. A figure by Milne Marshal, reproduced in Selenka (‘‘ Zoologisches 
Taschenbuch”’) for Rana, indicates as the quadrate a knob of cartilage 
behind the articulation of Meckel’s cartilage. 

4. The cartilage (Q) is connected distally with a plate of imperfectly 
chondrified connective tissue which may be regarded as the precursor 
of the cartilaginous ring around the middle ear of the adult. 


* Foster and Balfour, ‘‘ Elements of Embryology,” p. 248. 
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5. If (Q) is the quadrate, z.c. if Meckel’s cartilage only secondarily 
comes to articulate with the adult quadrate, then the common view that 
the mandibular bar becomes bent in the form of a > to form the upper 
and lower jaws does not exactly express the facts of the case; for on this 
view the palatine cartilage is the most dorsal portion, the quadrate the 
ventral portion, of the upper segment. If my view is the correct one, 
then the palatine, which is the original articulation for Meckel’s cartilage, 
must be ventral to the quadrate. I am thus going against accepted ideas 
in accepting an original palatal and secondary quadrate articulation of 
Meckel’s cartilage ; and these accepted ideas are so well supported by the 
structure of Selachii, Batoidei, and embryonic stages of higher groups 
that opposite views must be treated with caution. But if the “ posterior 
lateral”’ cartilages of Petromyzon and the “coronal”’ cartilages of Bdello- 
stoma should prove to be homologues of Meckel’s cartilage, then my 
view would receive strong support, since these are admittedly most 
primitive groups. Also the structure of the jaws of the Holocephalan, 
Chimaera (with anterior, i.e. palatal, articulation of Meckel’s cartilage) 
supports my view that the formation of the jaws is not simply a bending 
of the mandibular arch in the form of a >; that the posterior articulation 
of the lower jaw is secondary. 

Second Bar.—In the Xenopus tadpole there is no indication that the 
hyoid has any part in the formation of the stapedial portion of the 
columella auris. The two hyoid bars are joined to a basi-hyal (BH Fig. 7) 
which is continuous with a basi-branchial (BB Fig. 7). At their outer 
edges the two hyoids are firmly attached by ligaments to the palatines at 
points (x Fig. 7) just posterior to the articulations of Meckel’s cartilages. 
The outer edges of the hyoids are also joined by a stout plate of muscle 
fibres (Fig. 1 MH), and the contraction of these would cause the hyoid bars 
to bend upwards at their inner ends so that the mouth cavity would be 
reduced. If the mouth be filled with water, then closed and the “ hyoid”’ 
muscle contracted the water would be forced through the pharynx; the 
hyoid bar is thus probably important for the processes of nutrition and 
respiration. 

Branchial Bars.—The branchial skeleton consists of two plates joined 
to a median basi-branchial (BB). Each plate has four apertures, 
and the fact that there is an artery in connection with each of 
these may induce one to believe that there are really five branchial 
bars. Such an opinion would be strengthened by an inspection of the 
outline of the branchial plate which clearly shows five projections, 
a, b,c, d, and e, alternating with the apertures 1, 2, 3, and 4. Against 
the presence of five instead of four branchial bars, the following points 
may be raised :— 

1. There are only three internal pharyngeal grooves, the first one 
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running forwards to the anterior edge of the supposed first bar from the 
supposed second. 

2. The first aperture may also be explained as a vestige of the 
separation between the bases of branchials 2 and 3. The arrangement of 
the pouches—one starting in front, one behind, and one at it—would 
favour such a view. The artery passing through this aperture must then 
be regarded as a ‘“‘new” development. 

3. In other amphibia there are at most four bars—not five. 

Thus, although at first sight there seems to be five bars, I have come to 
the decision that there are really only four. 

With regard to the question as to the origin of the columella—the 
branchial bars are joined dorsally to the auditory capsule by a sheet of 
dense connective tissue in which there are several centres of chondrifica- 
tion, and there are also in this sheet two distinct bars of cartilage (PB 
1 and 2), one attached to the auditory capsule just above the fenestra 
ovalis, the other joined to the extreme posterior region of the capsule. It 
seems unlikely that the first of these bars (PB 1), which is exactly in the 
position that the columella will later on be in, should totally disappear and 
be replaced by an upgrowth of the hyoid. It seems more probable that it 
is retained, and forms at least the stapedial portion of the columella. The 
two cartilaginous rods (PB 1 and 2) are, as mentioned above part of a 
continuous sheet of dense connective tissue, which in some places shows 
distinct chondrification and which stretches from the outer edge of the 
branchial plate to the auditory capsule and forwards to the quadrate (Q), 
Such a plate can only be considered to be the fused pharyngo-branchial 
elements of the branchial bars, and the stapedial portion of the columella 
is therefore probably of branchial and not of hyoidean origin. 


Bioop VascunaR SYSTEM. 


Venous System.—From the anterior part of the body the blood drains 
into the sinus venosus through three pairs of veins. The lingual vein 
(Fig 8 Lv) runs from the muscle (M4 Fig. 1) down to the skin (Ly 
Fig. 3). The external jugular vein (EJv Fig. 8) comes from the floor of 
the mouth (EJv Fig. 3). The precaval vein (pev Fig. 8) comes from 
the pronephros through which it is continuous with an internal jugular 
vein (Jv Figs. 8 and 3; 2 Fig. 2). The internal jugular vein in the 
region shown in Fig. 2 gives off a branch which passes between the gland 
Th and slit S, and receives branches from the roof of the pharynx. The 
internal jugular also receives a number of branches from the brain and 
dorsal body-wall. The precaval just after leaving the pronephros receives 
a vein (By Fig. 8) from the outer edge of the filtering apparatus. The 
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(internal) pharyngeal grooves are thus drained by the external jugular and 
the precaval veins. 

The anterior veins are thus the same in the tadpole as in the adult, but 
I now find that the labelling of Fig. 5 of my previous paper (already 
quoted) is incorrect; the veins EJ should be lingual, IJ should be 
external jugular, and SS internal jugular; the brachial and cutaneous of 
the adult are new developments. 

There are pulmonary veins opening together, but apart from the other 
veins, into the imperfectly divided auricle at a very early stage of 
development. 

There are no cuvierian ducts in the sense of ducts into which both 
precavals and postcavals open. The blood from the tail is carried by a 
single caudal vein (CaV Fig. 8) to the meso-nephridia; in the latter it 
breaks up into smaller vessels which unite again anteriorly to form the 
postcaval vein. The homologies of the posterior veins of vertebrates are 
’ still very obscure, and although it is, as a rule, undesirable to build a 
theory on observations on a single species, yet in view of the absence of 
any generally accepted theory another view-point cannot but be welcome. 
Bridge * splits up the original sub-intestinal vein into a postanal portion 
(the caudal vein), a posthepatic portion (the internal intestinal of 
Elasmobranchs: the anterior abdominal of Dipnoids: the hepatic portal 
of Teleosteans), and the prehepatic portion (the hepatic veins with sinus 
venous and auricle). The posterior cardinal veins Bridge takes to be a 
new development. 

That the caudal vein is not a portion of the original sub-intestinal 
should, I think, be disproved by the following considerations :— 

1. In the lowest forms such as Amphioxus it cannot be a median 
backward prolongation of the sub-intestinal, for the anus would be in 
the way. 

2. Bridge apparently supports his view on the structure of the highly 
specialized Teleosteans (see his diagram, p. 322), whereas in the Elasmo- 
branchs which, as he says, “exhibit a more primitive condition of the 
venous system in certain features than is the case in any other group,” 
there is no connection between the caudal vein and the internal intestinal. 
Neither is there such a connection in Dipnoids. 

3. Teleostean embryos have the caudal vein joined to the precavals. 

Neither is it certain that the internal intestinal or anterior abdominal 
represents the posthepatic portion of the sub-intestinal for the relation 
of the postcaval to the posterior cardinals and to the internal intestinal 
is not quite clear. In Elasmobranchs the posterior cardinals are joined 
posteriorly in a way to suggest a postcaval; in Teleosteans only the one 
posterior cardinal suggests a postcaval; and in Dipnoi the similarity of 

* Bridge, ‘‘ Cambridge Natural History,”’ Fishes. 
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one of the posterior cardinals to a post-caval is still more marked. 
Further, in Amphioxus the sub-intestinal vein is really a plexus of blood- 
vessels; in Myxinide the portal continuation of the internal intestinal 
receives “the genital vein and some veins from the anterior part of 
the body”’’ (Sedgwick); “in different Teleostomi it may also receive 
the veins from the pyloric caca, from a portion of the air-bladder, the 
gonads, and, as previously mentioned, a tributary from the caudal vein” 
(Bridge). Various veins, which usually open into the posterior cardinals, 
may therefore open into the hepatic portals, 7.e. into a portion of the sub- 
intestinal. 

Taking these facts into consideration, I cannot but express the belief 
that the posterior cardinals are not (as Bridge assumes) ‘‘ new” forma- 
tions, but represent, together with the internal intestinal and hepatic 
portal, the sub-intestinal plexus of Amphioxus. The caudal should be a 
new development. 

In the Xenopus tadpole the sub-intestinal plexus is represented by the 
following vessels :— 

1. A vein running from the posterior end of the abdomen, through 
the intestines, from which it receives numerous branches, and opening 
into the postcaval immediately after the latter leaves the mesonephros. 
It probably represents the internal intestinal of fishes, and since it drains 
the same organs as does the anterior abdominal of the adult (rectum and 
small intestine) it will probably later on become attached to the ventral 
body-wall, develop somatopleuric veins in connection therewith, and 
so become the anterior abdominal. 

2. Two dorso-lateral splanchnopleuric veins, one opening into the 
internal intestinal, the other into the hepatic portal; these cannot 
represent the lateral veins of fishes since the latter are somato- 
pleuric; their attachments are against their being regarded as 
posterior cardinals, but if the sub-intestinal is taken to be a plexus, 
then the points of attachment of particular veins would not matter 
very much (consider, e.g. the various attachments of the spermatic veins 
in fishes), and we may consider these two veins as the homologues of the 
posterior cardinals of fishes. The one opening into the hepatic portal can 
be clearly recognized in the adult (Sp Fig. 5, Dreyer, already quoted) for 
in both it passes through the pancreas. That the other represents the 
mesenteric of the adult (Mes Fig. 5, Dreyer), is not certain, but is never- 
theless probable, since in both cases there are only three posterior 
splanchnopleuric veins in connection with the hepatic portal. 

3. On leaving the kidney the postcaval divides into two, both 
branches going to the right side of the body into the liver, the one branch 
remains on the dorsal aspect of the liver, receives numerous hepatic veins, 
passes in almost a straight line to the sinus venosus, and represents the 
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postcaval of the adult; the other curves round the liver and breaks up 
into numerous hepatic portal capillaries after receiving the right posterior 
cardinal. The tadpole thus differs from the adult in having the hepatic 
portal connected with the postcaval. 

Arterial System.—Reference to Fig. 7 will show that there are vestiges 
of four arches: one passing upwards between the hyoid and the first 
branchial bars and three associated with the three gill-slits. Another, 
apparently aortic, arch passes through the slit I, but, as already 
mentioned, this slit cannot be held to be a gill-slit. The three internal 
gill-pouches are supplied with blood by all the arches except the second, 
i.e. the systemic, and the arrangement of the arteries to these pouches 
seem to have no significance, for A6 goes to the second pouch ; Al, A2 first 
to the second then on to the first; A3 to the second; A4 and Ad to the 
third. Anyway, it will be seen that the internal gill-pouches are very 
copiously supplied with blood, so that we may consider them as important 
if not the sole respiratory organs. 

Of the four arches only the second is connected to the dorsal aorta ; 
but also the third, in younger individuals, would most probably have such 
a connection through A5. 

The Nervous System.—The following cranial nerves were found :— 

1. The olfactory, branching to the olfactory sacs and to Jacobsohn’s 
organ. 

2. The optic, to the eye. Anteriorly the pituitary body is con- 
tinued as a laterally expanded, hollow, ventral outgrowth from the 
diencephalon ; the optic nerve from each side is joined to this outgrowth 
on the same side, so that there is no crossing of the optic fibres to form a 
chiasma. 

3. The oculomotor, leaving the brain just behind the pituitary body, 
receives a branch from the trochlearis as it leaves the cranium and goes 
to eye muscles. 

4. Just in front of the auditory capsule there is a large ganglion 
which is joined (?) to the diencephalon just in front of the optic lobes. 
Distally the ganglion is continuéd into the following seven nerves :— 

(a) The trochlearis, with a branch to the oculomotor and another to 
the muscles of the eye. 

(b) The trigeminus: (a) one branch along the ventral surface of the 
pterygoid and into the muscle which joins Meckel’s cartilage to the pala- 
tine portion of the palato-pterygo-quadrate bar; (/3) another branch to the 
epithelium of the roof of the mouth. 

(c) The abducens, running along the dorsal surface of the pterygoid 
just ventral to the internal jugular vein and going to a ventral eye 
muscle, 

(d) The facial, with the following branches: (a) running over the large 
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thymus (?) gland, along the outer, ventral surface of the eye to the skin ; 
(8) to the skin behind the eye; (y) to the skin above the brain and dorsal 
to the eye. 

5. The otic ganglion with several nerves to the membranous labyrinth 
is joined to the dorsal surface of the ventricle just behind the optic lobes. 

6. Small dorsal and ventral roots swell into a large ganglion just 
behind the auditory capsule. This ganglion gives off two nerves : 

(a) The glossopharyngeal, giving off (a) a branch which runs along the 
bar (PB2 Fig. 7) and goes to the pharyngeal grooves; (3) one running 
forwards dorsally to the thymus (?) gland and into the quadrate (Q Fig. 7) 
cartilage ; (y) one running ventrally to the thymus (?) gland and the quad- 
rate cartilage, along the dorsal surface of the pterygoid cartilage and into 
the muscles joining Meckel’s cartilage to the palatine cartilage. 

(6) The vagus with branches to the oesophagus and lung. 

It will be noticed that although all ten nerves are developed they are 
joined to the brain by only six roots, which seems to indicate that the 
nerves are not outgrowths from the brain. This is, however, en passant, 
for only earlier stages than mine could decide such a question. 

Each spinal nerve also ends in an endo-vertebral ganglion, the small 
upward prolongation of which is closely applied to the latero-dorsal 
surface of the spinal cord, it being impossible to say definitely whether 
it is continuous with the cord or not, although I am of opinion that 
it is not. 

Except the vagus, I could find no nerves going to the splanchnopleure, 
so that the sympathetic cords must be developed late in the tadpole life 
(only two of my series were continued back far enough and stained 
suitably for the study of the spinal nerves). 


REsuME. 


1. The tentacular cartilages are joined both to the ethmoid and to 
the palatal portion of the sub-ocular arcade. 

2. The high epithelium of the gill-slits is continued into the glottis— 
in support of the theory that lungs and gill-slits are homologous. 

3. The operculum encloses three external gills which are fused 
distally to form three external gill-pouches. 

4. There are trabeculo-mandibular, mandibular-hyoid, and 1st-2nd 
branchial thymus glands. 

5. In older tadpoles there are ‘“lachrymal”’ (?) canals. 

6. The anteriorly situated articulation of Meckel’s cartilage is 
discussed. 

7. There are two “ pharyngo-branchials,’’ one of which probably 
forms the stapedial portion of the columella auris. 
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8. The homology of the postcaval and posterior cardinals is dis- 
cussed ; the hepatic portal is joined to the postcaval at the point where 
the latter leaves the mesonephros. There are no cuvierian ducts. 

9. The filtering apparatus is copiously supplied with blood from all 
the aortic arches except the systemic, and is probably the most important 
respiratory organ. 

10. All the cranial nerves were found, but the 4th, 5th, 6th, and 7th 
were all united proximally to a single ganglion, which was joined (?) to the 
diencephalon in front of the optic lobes. The 9th and 10th were also 
joined in a single ganglion, perhaps attached to the ventricle. 


A MORPHOLOGICAL STUDY OF STRONGYLUS DOUGLASI, 
COBBOLD. 


By RarrakELe Isset, D.Sc., of the University of Genova (Italy). 
(Communicated by Dr. H. Bayon.) 
(Read August 19, 1914.) 


Strongylus douglasi, Cobbold, is an intestinal parasite of considerable 
practical interest, in view of the mortality it causes among the ostrich 
chicks in South Africa. I therefore gladly undertook to publish a 
description of the morphology of this helminth on material which was 
collected and forwarded to me by Dr. Bayon, Research Bacteriologist 
(Leprosy) to the Government of the Union. 

What has so far been published on this worm is very soon reviewed. 
Cobbold (1883) described it for the first time from specimens which had 
been sent to him by Mr. Arthur Douglas, of Heatherton Towers, near 
Grahamstown. The paper begins with a brief diagnosis, and continues 
with a superficial description which takes into consideration only the 
genital apparatus, which of course is the most important feature from 
the point of view of classification. The engraving which accompanies the 
paper only furnishes us with the particulars necessary to determine the 
species, but gives no exact details regarding several important points, as 
e.g. the male spiculae and, as to be expected from a drawing made 
relatively long ago, does not come up to modern helminthological 
standards. 

W. Robertson (1910) published some notes on the Strongylus from the 
veterinary point of view, with a sketch of the male and female of the 
species. Unfortunately this drawing has no scientific value because it is 
simply a somewhat scanty reproduction of Cobbold’s plate. 

It is intended in this study to give a simple description from the 
helminthological point of view of the characteristic features of the 
Strongylus of the ostrich, but somewhat more completely than had been 
done by Cobbold, and to add some details regarding its inner structure 
which had been overlooked by previous authors. 

20 
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Origin and Method of Conserving the Material.—The numerous speci- 
mens on which these observations have been made came originally from the 
farm of Senator Southey at Culmstock, Schoombie, Cape Colony. They 
were fixed in warm 70 per cent. alcohol and are in an excellent condition 
for study. For the purpose of microscopical examination it is necessary 
to place the worms in glycerine, but the passage from one fluid into the 
other must be made with the greatest care, otherwise the specimens are 
apt to get contorted and disfigured. I therefore added glycerine to the 
alcohol in the proportion of 3 c.cm. to each 100 c.cm., and then allowed 
10 c.cm. of this mixture to evaporate slowly in a watch-glass. In warm 
weather after eight or ten days the alcohol is nearly completely evaporated 
and the specimens can be embedded in glycerine-gelatine, and then the 
cover-slip can be sealed with varnish in the usual fashion. 

Certain organs, such as the male genital canal, can be better demon- 
strated by means of a very weak solution of carmine, which is allowed to 
act till a sufficient degree of staining is reached. 

External Shape.—For the purpose of measuring the length of the 
Strongylus, specimens were chosen which showed the least degree of 
incurvation ; it was found that males vary between 44 to 5 mm., females 
from 54 to 6 mm. in length. In the male and female the breadth varies 
between 100 and 120. It is not possible to give more exact figures, 
because slight irregularities in the contour are present even in the best- 
preserved specimens. 

In both sexes the body gradually tapers towards the head ; the anterior 
profile appears to be slightly convex ; six minute conical papillae can be 
made out by means of high-power lenses. 

The body of the female (Fig. 2) begins to taper slightly a short distance 
from the uterus ; the taper increases after the anal region and then ends 
in a curved point. 

The male (Fig. 1) possesses a bursa copulatrix of conical shape ; in 
fixed specimens the edges of the pouch are more or less folded to the 
inside, and often several superposed folds are discernible. The dorsal 
margin of the pouch shows’ an outstanding median obtuse lobe; the 
ventral portion is always more or less creased. In examining a great 
number of specimens there is no difficulty in finding females which are 
only slightly curved, whilst in males, as a rule, the terminal portion of 
the body with the bursa is bent in the shape of a hook. In males it is 
noticeable that the longitudinal axis is usually twisted, for which reason it 
is not easy to place the worm in a lateral position, therefore I have often 
found it advisable to separate the posterior extremity from the body, and 
lifting the cover-slip with a fine capillary to rotate the portion into a 
position suitable for study. 

Alterations of the profile, consisting in shrinking and bulging, 
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Fic. 1.—Strongylus douglasi, Cobbold; male =Magnification : 40 diameters (drawn with the aid of Edinger's apparatus). 
» 2.—Strongylus douglasi, Cobbold; female. Same magnification, drawn with same apparatus. 
» 3.—Anterior end of a male, seen ventrally (a little oblique), so as to demonstrate the central nervous system and 
excretory pore. Magnification :' 240 diameters (drawn with the aid of Abbe-Apathy's Camera lucida). 
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caused by the alcohol used in fixation, are more frequently found in 


the female. 
Tegumentary Tisswes.—The cuticle (Figs. 4, 6, 7, etc.), of S. douglasi 


appears to thicken towards the caudal extremity. It is 2-5 » thick at 10 u 


of 


Fic. 4.—Central nervous system and end portion of excretory apparatus in 
a female. The intestine has been displaced towards the dorsal 


wall. Magnification: 600 diameters. 


from the anterior extremity, whilst at a short distance from the bursa of 
the male and the anus of the female it reaches the thickness of 5p. - This 
cuticle is striated on the whole length of the parasite, but the rings are 
relatively more frequent in the posterior region of the body. In male and 
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female the distance between the rings corresponds to 3 » at a third of the 
distance between the anterior extremity and the neural commissure, 2°6 
at the height of the nerve commissure and about 2°2 » in the latter third 
of the body. In the male the striation continues on all the surface of the 
bursa, where however the lines are not so clearly visible. In the female 
they do not reach altogether the caudal extremity, but stop at about 
10 from the end. 

The longitudinal muscles of the body (Figs. 4, 6, 7 m.) begin immedi- 
ately after the oral hollow and are all along roughly equal in thickness to 
the cuticle of the male; in this sex they terminate at the basis of the 
bursa, whilst in the female they are somewhat thinner than the cuticle in 
the posterior third of the body and extend to the end of the tail. 

Alimentary Tract.—The mouth is terminal and nearly semi-spherical. 
Cobbold says it is unarmed, but I am able to distinguish six triangular 


Fic. 5.—Outline of the head with 
cephalic papillae. Magnifica- 
tion: 1150 diameters. 


teeth or cutting plates, which are quite distinct in transversal sections 
and which occupy a considerable part of the lumen (Fig. 1). The 
oesophagus is dilated by a bulb at about a tenth of the total length of the 
body (Figs. 1, 2, 3 es.b.). In both sexes the intestine is straight, but in 
the male the terminal portion is united to the deferential duct so as to 
end in the cloaca after having been applied to the ventral portion of the 
body; in the female it diminishes in size before ending in the anal 
aperture a little before the caudal extremity. 

In the female the rectal muscles (Fig. 9 r.m.) are fan-shaped and 
placed between the dorsal wall of the terminal intestine and the dorsal 
wall of the body and occupy a space measuring about 70. The intestinal 
muscles are long, thin, and finely ramified. The inferior ramifications are 
seen in Fig. 9 i.m. 
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The cephalic glands (Fig. 4 cf.gl.) are compactly united with the 
tegumentary tissues and help to increase their thickness in the region of 
the oesophagus. 


cle. , 
clm. clp. 


Fic. 6.—Posterior extremity of a male, seen from the side, showing bursa, spicules, 
and most important muscles. Magnification: 350 diameters. Composite 
drawing from two specimens. 


Nervous System.—The neural commissure, or neural peri-oesophagea 
ring (Figs. 1, 2, 3, 4n.), encloses obliquely the lateral walls of the 
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male; the bursal muscles have not been drawn. 


Fic. 7.—Frontal view of the posterior extremity of a 
Magnification : 350 diameters. 
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oesophagus, with the superior portion placed ventrally; seen from the 
side a slight bend is noticeable with the concavity facing the caudal end. 
The lower margin of the ring is united to a pair of lateral ganglions (Figs. 
3, 4 1g.), and a middle ventral ganglion (Figs. 3, 4 v.g.). The lateral 
and the ventral ganglion are grouped in bunches and are about 50, in 
length ; the former are composed of some thirty pear-shaped cells, whilst 
the latter does not contain over fifteen. 

Excretory System.—This can be made out in specimens which, in 


Fie. 8.—Bursa copulatrix of the male seen from the 
back, so as to show the costa dorsalis. Mag- 
nification : 350 diameters. 


addition to being quite clear, the oesophagus and the anterior part of the 
intestine have been displaced by the action of the fixing fluid and retracted 
towards the dorsal wall of the parasite’s body. The extremities of the 
cervical glands (Fig. 4 cv.gd.) can be distinguished in specimens examined 
from the side. Asa rule they are two in number and are placed laterally 
to the body, whilst they merge together at the anterior extremity and 
communicate with the exterior by means of a single duct (Fig. 4 ex.d.), 
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which in its terminal portion crosses the mass of cephalic glands and the 
muscular layer with a thick cuticular membrane, and then ends pointing 
obliquely upwards with a medio-ventrally placed excretory pore at about 
90 » under the lower margin of the nervous commissure (Figs. 3, 4 ex.p.). 


Fic. 9.—Posterior end of a female. Magnification : 
350 diameters. 


The cervical glands extend backwards for about a quarter of the 
length of the body and possess a fusiform swelling in the posterior half. 
Generative System.—In the male one single genital duct is discernible, 
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which appears to vary considerably in development, because in some 
specimens it extends only along two-thirds of the parasite, whilst in 
others it can be seen to begin practically immediately after the swelling 
of the oesophageal bulb. It is usually straight or only slightly sinuous in 
its course. In the anterior portion its function is testicular; about half- 
way it thickens, approaches the ventral wall, and maintains this position 
in acting as vas deferens (Fig. 1), but becomes thinner again in nearing 
the cloaca. 

The spicules are spear-shaped when seen from the ventral side ; their 
lateral margins show two bulbar swellings, one in the anterior third and 
the other about the middle. The edge is thickened in the anterior por- 
tion, which shows a triangular protuberance ending in a thin pedunculated 
process. 

The length of the spiculae varies between 142 » and 159 p. 

The principal muscles in relation with the copulating apparatus, which 
are most easily detected, consist in a pair of powerful retractor muscles 
(Figs. 1, 6, 7 sp.rt.), of which one end is inserted on the pronounced edge 
of the spicule and the other on the side-wall of the body, when extended 
they measure about 250. In addition a pair of exertor muscles (Figs. 
1, 6, 7 sp.et.), which are somewhat shorter and broader, and inserted on 
the edge of the spicule and the inner side of the bursa. Connected with 
the copulatory apparatus are three pairs of muscles whose precise function 
is still unclear (Figs. 5, 6, 7 d.m.). 

On both sides oblique muscles are noticeable, which converge towards 
the middle ventral line. They are so thick that in several portions it is 
not possible to distinguish separate bundles. They begin a little way 
above the bursa, and on being measured in a straight line are found to 
extend about 280. These are commonly called bursal muscles, but 
would be more appropriately named incurvating muscles of the posterior 
extremity (Figs. 1, 6, 7 b.m.). 

The nomenclature adopted in relation to the ribs of the bursa is that 
suggested by Looss (1905). —, 

The single costa dorsalis (Figs. 6, 7 c.d.) divides half-way in two 
branches; in some instances no further bifurcation is noticeable, but in 
others more or less distinct ramification takes place, as in Fig. 8. 

On each side there is a costa dorsalis externa (Figs. 6, 7 c.d.e.), some- 
what shorter, thinner, and more tapering than the dorsal rib. 

In front of the costa dorsalis externa a stout root divides in three 
broad ribs; the costa lateralis posterior (Figs. 6, 7 c.l.p.), which is some- 
what thinner than the following two; the costa lateralis media (Figs. 6, 
7 c.l.m.) and costa lateralis externa (Figs. 6, 7 c.l.e.). 

The next in order are two costae ventralis (Figs. 6, 7 c.v.), the inner 
one being somewhat thinner than the other. 
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ov. 


Fic. a! and oviduct of a female, portion imme- 
diately above the uterus. Magnification: 240 
diameters. 
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The generative apparatus of the female consists (as usual in Strongyli- 
dae) of two tubes, or more exactly of a bent tube whose two branches, of 
unequal length, are straight or only slightly sinuous, so that on observing 
a side-view of the worm they appear to cross each other, whilst maintain- 


Fic. 11.—Lateral view of uterus and 
vagina. Magnification: 350 diameters. 


ing their order of superposition. In some instances one or two loops are 
noticeable. The longer tube is of an ovarian character till the latter third 
of the body, where a slight and short thickening of the walls signals the 
beginning of the ovijector. A similar thickening is present at the lower 
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boundary of the ovijector, which is near the bend of the tube. At about 
two-thirds of its length the ovijector passes in a cylindrical uterus (Figs. 2, 
11), about 230-250 » in length. This organ is thickened at both ends and 
grips the ovijector like a ring. The muscles of the uterus are oblique, the 
slant being more marked at the two extremities ; in the centre there is a 
tendency to assume a longitudinal direction. 

The uterus communicates with a fair-sized vagina, lined with a 
cuticular membrane. In the close proximity of the vulva the exterior 
cuticle is more or less corrugated (Figs. 2, 1lv.). The vulva is placed 
0-9 mm. in a straight line from the caudal end. 

The shorter genital tube preserves during its whole length the char- 
acter of an ovary (Fig. 10 ov.). 

Cobbold had already observed that the eggs are relatively big and not 
very numerous. On counting those found in the oviduct, in full develop- 
ment and surrounded by a shell, I have found in twelve females a mini- 
mum of fifteen, a maximum of thirty-one, and a mean of twenty-six eggs. 
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OF LETTERING OF FIGURES. 


. anus. 
. bursal muscles. 

. cephalic glands. 

. cervical glands. 

. dorsal rib. 

. exterior dorsal rib. 

. lateral posterior rib. 

. middle lateral rib. 

. lateral outer rib. 

. cuticle. 

. ventral rib. 

. muscles of the male apparatus. 
. oesophagean bulb. 

. excretory duct. 

. excretory pore. 


intestinal muscles. 
intestine. 


. Lateral neural ganglion. 
. peri-oesophageal ring. 

. Ovary. 

. oviduct. 

. rectum, 

. rectal muscles. 

. spicula. 


muscle of the spicula. 
retracting muscle of the spicula. 
testicle. 

uterus. 

vulva. 
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NOTE ON THE PRODUCT OF A SPECIAL N-LINE DETER- 
MINANT BY ITS CENTRAL MINOR OF THE (N-4)TH 
ORDER. 


By Tuomas Murr, LL.D. 
(Read August 19, 1914.) 


1. The main attraction of Mr. Roseveare’s paper centres in the very 
interesting equivalent given by him for the product of a special n-line 
determinant by its central minor of the (n—4)th order, this equivalent 
taking the form of an aggregate of products of pairs of minors of the 
(n-2)th order. 

For such a product an outwardly similar expression, perfectly general 
in character, has been known since 1879; * and, not unnaturally, one 
has some expectation, that on putting into this general result the very 
special elements occurring in Mr. Roseveare’s paper there would be 
evolved by degeneration the new theorem under consideration. This, 
however, is far from being the case. For example, when 7m is 7, the 
general theorem gives 
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whereas the new theorem gives 
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* Trans. R. Soc. of Edinburgh, xxix., pp. 47-51. 
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for the case where the involved elements are those of the special deter- 
minant whose matrix is the sum of the two matrices 


| a —dgi3 


and yet the latter identity is not included in the former. 


2. Instead, however, of attempting a generalization of the new identity 
by making the elements of its left-hand member perfectly general and 
then seeking for the corresponding change in the right-hand member, we 
may adopt a reverse procedure, namely, view the elements on the right- 
hand as being changed from special to general, and then inquire what 
alteration is thereby necessitated on the left. Thus, instead of Mr. 
Roseveare’s expression 


a, a, a, -- Ay a, a, A, — AeA ? 

| a, a, a, —a,\?| | a, A, 

A,—A,r? —@,\4 a, —a,r 


which is a function of nine variables, let us pass to 
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which is a function of twenty-one variables, and ask if there be a con- 
densed expression equal to the latter. 

A little examination of the determinants involved in it shows that all 
of them are 4-line minors of the array 
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and that in the first two columns all of them are identical. Not much 
more is then wanted to enable us to suggest the construction of the 8-line 
determinant 


é, XO, 6, 6; 4; 
B, Bs; Bs Bi 

a, Aa, a, 

of which Laplace’s expansion-theorem gives the equivalent 
as desired. 

It is a help here to note (a) in the first four rows of the 8-line deter- 
minant the repetition of the column with the suffix 4; (b) the mode of 
obtaining the last four rows from the first four ; (c) the fact that but for 
the ’s the determinant would be centrosymmetric. 


3. That the result thus obtained includes Mr. Roseveare’s is readily 
shown. Asan example, let us take the next lower case of the extended 
theorem, namely, 


Ja, Poy, = a4; @; 4a, 


By, B. B; By Bs 


AY, 


Making in this the substitution 
& | | a, a, a, A,r 


we of course at once find the left-hand side identical with one side of Mr. 
Roseveare’s, and the right-hand side changed into 
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By performing on this last the operations 


row, — row, col, + 
row, -A“" row, rows- col, + col, 
row, - row,), cole + col,!, 


there is obtained 


| a, — a, a, a, 
A, — 
a,\—a,d? 
a,—A¢d? a, 


which, when we have multiplied the 3rd row and divided the 3rd column 
by \ and have reversed the order of the last four columns, and thereafter 
of the last four rows, becomes 


(a,—a6A3)| a, a, a, — 
a, a, 
Ay A,A—A,d? | 
as desired. 


Similarly, in the next case, the determinant for transformation being 
in the notation of the original paper 
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and obtain 
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which is readily seen to be equal to 
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ON THE INTERPRETATION OF THE ELECTROCARDIOGRAM. 
By W. A. Jouty. 


(From the Physiology Laboratory of the South African College, 
Cape Town.) 


(Read August 19, 1914.) 


As was first shown by Waller,* the human electrocardiogram can be 
recorded by connecting the two hands or the hand and foot with the 
terminals of a capillary electrometer. Since the introduction of 
Einthoven’s string galvanometer the electrocardiogram has become of 
great importance in the diagnosis of pathological conditions in the heart. 


Rr 


@, 
R, 
t 0.5 second. 
Fie. la. Fic. 1b. 


The interpretation of the complex curve obtained has, however, remained 
obscure, and for its elucidation it is advisable to have recourse to 
experiments upon the simpler and more slowly acting hearts of cold- 
blooded animals, where it is possible to isolate a single chamber of the 
heart and to record the curves yielded by it when contracting either 
spontaneously or in response to artificial stimulation at one or other point 
of the musculature. 

Fig. la gives the typical form of the ventricular electrocardiogram from 


* Journ. of Physiol., vol. 8, p. 229, 1887. 


i 


280 Transactions of the Royal Society of South Africa. 


the human being as figured by Einthoven.* In making this record the 
right electrode has been connected with the right hand of the subject and 
the left with the left foot. The summits of the curve are lettered 
Q, R, S, and T, by Einthoven. 

It has been shown by several observers that similar curves can be 
obtained from the hearts of cold-blooded animals, and indeed from an 
isolated chamber of such a heart, and we may assume that there is a 
characteristic electrical expression for the activity of cardiac muscle 
generally. My experiments have been carried out upon the heart of the 
tortoise, removed from the body after killing the animal by decapitation. 

The curve shown in Fig. 2 has been obtained in the following way : 
The heart of a large tortoise isolated from the body and continuing to beat 


Fie. 2. 


spontaneously was connected by two non-polarizable electrodes with the 
string galvanometer—Edelmann’s large model of Einthoven’s instrument. 
The right-hand electrode, which is connected with the lower end of the 
string of the galvanometer, and negativity of which, relative to the left- 
hand electrode, causes an ascent of the recorded curve, is applied on the 
ventral surface of the ventricle close to its right margin. The left-hand 
electrode, whose relative negativity depresses the curve, is applied to a 
corresponding point at the left margin. 

Using the nomenclature introduced by Einthoven for the human 
electrocardiogram, this curve may be said to show in its ventricular 
portion an initial or @ R S complex, of which the summits Q and F are in 


* Le télécardiogramme. Archiv. internat. d. Physiol., 1906, iv., 132. 


a 
4 


On the Interpretation of the Electrocardiogram 281 


this case distinct. The breadth of the roll of sensitive paper on which 
the photographic record is taken is not sufficient to include the whole of 
aoflection R. S does not appear in this curve as a distinct summit below 
the zero line, but there is an interruption on the descent of R. After 
the initial complex the record shows a horizontal stretch near the zero 
line, and terminates in the complex 7, which here consists of a downward 
followed by an upward deflection. 

In Fig. 3 the right-hand electrode has been applied to the auricles of 
an isolated spontaneously beating tortoise heart, and the left-hand electrode 
to the apex of the ventricle. The auricular part of the curve is seen to 
consist of an initial complex followed by a terminal slow deflection. 

In Fig. 4 the right-hand electrode has been applied to the sinus of the 


Fic. 3. 


isolated spontaneously beating heart, and the left-hand electrode to the 
apex of the ventricle. The sinus part of the curve is seen to present an 
initial complex and a terminal slow deflection. The sensitiveness of the 
instrument is in this experiment too great to permit of the ventricular 
variation being recorded on the paper. It has been necessary to increase 
the sensitiveness in order to render the sinus variation evident. The rise 
R of the ventricular variation is seen following the auricular variation. 

In the study of the electrocardiogram it is advisable to isolate one 
chamber of the heart, and I have chiefly directed my attention to the 
curve yielded by the quiescent ventricle when it contracts in response to 
artificial stimulation. The form of stimulus employed has been either a 
break induction shock or the mechanical stimulus of a touch by a glass 
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point. The point of stimulation and the position of the leads to the 
galvanometer have been varied. 

Since electrodes connected with the two ends of the galvanometer 
string are applied at separate points of the heart muscle, we may take it 
that the curve obtained when the ventricle contracts, represents the 
algebraic sum of two similar electrical variations affecting the right- and 
left-hand electrodes respectively and therefore oppositely directed. 

In order to throw light on such questions as where activity commences 
in the ventricle when spontaneously beating, and what path the excitation 
takes through the musculature, it is necessary to deduce from the curve 
the form of the electrical change which takes place under each electrode. 

In a previous note* I have brought forward evidence derived from 


4. 


cases of systolic alternation in the tortoise ventricle, which would indicate 
that the electrical disturbance which accompanies activity in the tissue 
under one electrode when the wave of excitation is propagated to it, 
consists of a preliminary positive change, appearing as a descent of the 
curve, followed by a negative change shown by an ascent of the curve. 
The negative change after attaining its maximum shows a decline, which 
is later checked. 

When large tortoise ventricles are available, and are stimulated 
artificially, it is possible to apply the electrodes at a considerable distance 
from each other, and as conduction of excitation is slow in the tortoise 
heart, the variation under one electrode may be distinctly seen to run its 


* These Z'ransactions, vol. iv., part i., p. 73, 1914. 
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course for a space in the 
record uncomplicated, be- 
fore the other makes its 
appearance. Fig. 5 is an 
example. The stimulation 
is a break induction shock 
given through non-polar- 
izable electrodes at the left 
margin of the isolated ven- 
tricle, and affecting the 
galvanometer string at 2. 
The right electrode is placed 
on the dorsal surface about 
6 mm. from the point of 
stimulation on the trans- 
verse diameter, and the left- 
hand electrode at the middle 
point of the dorsal surface 
20 mm. from the right-hand 
electrode. From the peak 
lettered Q, to Q, the curve 
gives the variation under 
the right-hand electrode 
alone. At the beginning of 
the upward summit Q, the 
variation under the left- 
hand electrode begins, and 
the remainder of the curve 
represents the summation 
of the two. It will be 
noticed that after deflection 
T the curve takes about 
2 sec. to regain the zero 
line. 

Fig. 6 gives a series of 
records from the isolated 
ventricle of the tortoise 
whose heart yielded the 
response in Fig. 2, The 
isolated quiescent ventricle 
was placed on a block of 
vulcanite and kept moist 
by Ringer’s solution. Non- 
polarizable stimulating 
electrodes, connected with 
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the secondary coil of an inductorium, were applied with their wicks about 
2 mm. apart on the dorsal surface at the left lateral margin. The right 
and left leading off non-polarizable electrodes were placed, the left at the 
mid-point of the transverse diameter of the ventricle on the dorsal surface, 
where it remained during the experiment, and the right electrode was at 
first placed about 2°6 mm. from the point of stimulation on the line 
between that point and the left electrode, that is to say, on the transverse 
diameter of the ventricle. The right and left electrodes were 25 mm. 
apart. The ventricle was stimulated by a break induction shock, and the 
response recorded photographically on moving sensitized paper with a 
magnification of 660 diameters. The right electrode was then shifted by 
about 2°6 mm. along the transverse diameter towards the left electrode and 
another record taken, and the process was repeated, the right electrode 
being moved each time by as nearly as possible an equal distance towards 
the right margin, passing the left electrode at the middle point and being 
finally placed on the right margin at a point 50 mm. distant from its first 
position. In this way a series of records is obtained in which the 
variations under the right and left electrodes (what may be termed the 
right and left variations) are separated from each other by varying time 
intervals, the right variation at first leading, and after the crossing of the 
electrodes, the left variation leading. 

Curve 1 commences with a downward deflection followed by an upward 
deflection. The curve then falls slightly and a plateau with small irregu- 
larities follows. The plateau is terminated by a sharp upward deflection, 
after which the curve falls to and beyond the zero line, being interrupted 
on its descent by a notch. After regaining the zero line the curve runs 
horizontally until it terminates in a slow descent and return. I have 
lettered the peaks Q,, R,, Q,, BR, and T. Q, is the preliminary positive 
deflection of the right variation. 2, and the plateau indicates its succeed- 
ing negative portion. Q, is the preliminary positive deflection of the left 
variation. , indicates the peak of its negative deflection, which is here 
followed by an increase of: negativity giving the downward summit. The 
horizontal part of the curve is due to the compensation of the two varia- 
tions, and the direction of variation 7 indicates that the right variation 
commences to decline before the left. 

As the time interval between the variations is reduced the plateau 
shortens, and then the amplitude of the deflections is cut down. In 
curve 10 the left variation has begun to lead, and in record 19 we have 
a curve similar but of opposite direction to curve 1. As the variations 
change their time relations when the electrodes cross at the mid-point, 
the series of records shows that the terminal variation 7 changes from 
a downward to an upward deflection. In the later records this terminal 
variation is a complex presenting both downward and upward deflections. 
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The curves in this series are explicable on the assumption that the two 
components have each a form similar to diagram 20 of Fig. 6, but may 
also present irregularities or oscillations, such, for example, that there 
may be a rise following R and exceeding it in height. 

Fig. 7 gives a series of responses obtained from the ventral surface of 
the same ventricle. The stimulating electrodes are applied in this case at 
the right margin of the ventricle and the right electrode is placed first close 
to that point and then moved in successive steps along the transverse 
diameter to the left margin. The left electrode remains at the middle 
point. The reversal of 7 is well seen in this series as the variations 
change in time relations. 

In Fig. 8 we have a series of records from the same ventricle with the 
following arrangement. The non-polarizable stimulating electrodes are 
applied at the left margin. The left leading-off electrode is at the 
right margin, and the right electrode is moved by successive steps from 
a position close to the point of stimulation towards the right margin. 

In curve 1 Q,, the positive deflection of the right variation is not evident. 
It is present in curve 2, and as the right electrode is removed farther from 
the point of stimulation this deflection increases in breadth and amplitude. 
It would appear that the positive change becomes more evident the farther 
the wave of excitation has to travel before reaching the proximal electrode, 
and it may be suggested that this is due to a difference in the rates of 
conduction of the positive and negative changes. 

In Fig. 9 the records are obtained by placing the non-polarizable stimu- 
lating electrodes on the dorsal surface of the ventricle at the middle of the 
base and the left leading-off electrode on the dorsal surface at the apex. 
The distance between the point of stimulation and the left electrode 
is 34mm. The right electrode is placed on the dorsal surface 2°6 mm. 
from the point of stimulation on the line joining the middle of the base 
with the apex. It is then shifted in successive steps of 2-6 mm. each 
towards the apex, and the response to a break induction shock is 
recorded at each position. 

In Fig. 10 the stimulation is given on the dorsal surface at the apex, 
and the left electrode is placed at the middle of the base. The right 
electrode is applied 3 mm. from the point of stimulation on the line 
joining apex and base, and is then moved by successive steps of 3 mm. 
each towards the middle point of the base. It will be observed that 
in the earlier records of this series, where the right electrode is applied 
near the apex, the curve does not show a downward summit as its initial 
deflection, but the initial movement of the string is upward. As the right 
electrode is moved farther from the apex the summit Q, becomes evident, 
and in curve 7 it forms the initial deflection. This may be compared with 
responses obtained from other tortoise hearts. In Fig. 11 the non-polar- 


S 


Ss 


™N 


On the Interpretation of the Electrocardiogram. 289 


R L 


7 Second 


a 


Fie. 8. 


of 
‘ 


290 Transactions of the Royal Society of South Africa. 


Pe 
Stim 


~ 
yy D 


4. 


—/|_- 


(2. 


Fic. 9. 


_-R 
| | | 
| r 


On the Interpretation of the Electrocardiogram. 


Second 


4 
4 


_ 4 
7 


291 


Fie. 10. 


22 


‘ 


292 Transactions of the Royal Society of South Africa. 


izable stimulating electrodes are applied on the ventral surface at the apex. 
The left electrode is placed on the ventral surface about 2 mm. from the 
point of stimulation, and the right electrode is applied to the mid-point 
of the base on the ventral surface. The break induction shock is evident 
on the curve, and the response appears to commence with the downward 
deflection, which indicates negativity of the left (here the proximal) 
electrode 

In Fig. 12a both electrodes are applied close to the point of stimulation 
at the apex separated from each other by as short a distance as possible, 
and the stimulation is given mechanically by the touch of a glass point. 
The first movement of the string is a slight positive—upward—deflection 
preceding the downward deflection, which indicates negativity of the left 


(here the proximal) electrode. In Fig. 12b the electrodes, retaining their 
relative position to one another, have been transferred to the middle of the 
base, and the apex is again stimulated mechanically. The positive deflec- 
tion Q is here quite distinct. 

In Fig. 13 we have a series of responses obtained from the isolated 
quiescent tortoise ventricle stimulated by break induction shocks when the 
application of the stimulus is transferred from point to point along the 
transverse diameter of the ventricle. The two leading-off electrodes are 
placed on the dorsal surface, the right at the left margin and the left 
at the right margin, separated from each other by a distance of 50 mm. 
The wicks of the non-polarizable stimulating electrodes are placed on the 
dorsal surface 5 mm. from the right electrode, and response 1 is recorded 
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to a break induction shock. The stimulating electrodes are then moved 
in successive steps towards the right margin along the line joining the two 


Fie. 12a. 


leads, and the successive curves are obtained. In this way the right and 
left variations are in curve 1 separated by a time interval corresponding 


Fig. 12b. 


to the conduction time of the excitation for a stretch of tissue of 40 mm., 
and the right variation is in advance of the left. In curve 4 the two varia- 
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tions are elicited almost simultaneously, and in the succeeding curves 
again become more and more separate, the left variation in advance. 

In curve 10 of Fig. 13, where the point of stimulation is close to the left 
electrode, the left variation leads and is recorded alone for about 0°75". 
The Q summit of the left variation is not evident. The right variation 
which commences at (, is short and can be distinctly seen superposed 
upon the left variation, whose supposed continuation is represented by the 
interrupted line. 

The components of the electrocardiogram bear a close resemblance 
to the electrical variation recorded from the eye on stimulation by a 
flash of light. In Fig. 14 an example ofa retinal variation is reproduced.* 

Fig. 15 gives a series of curves obtained from an isolated tortoise 
ventricle. The non-polarizable stimulating electrodes are applied on the 
ventral surface at the left margin, the right leading-off electrode on the 
transverse diameter 2 mm. to the left of the point of stimulation and 
the left electrode at the right margin. The right electrode is moved in 


c 


Fig. 14. 


successive steps of 2 mm. each towards the left electrode, and the response 
to a break induction shock recorded at each position. 

Fig. 16 gives a series of responses from the same tortoise ventricle 
obtained by stimulating the dorsal surface mechanically at the left margin 
by the touch of a glass point. The left electrode is placed on the dorsal 
surface at the right margin. The right electrode is at first applied about 
2mm. from the point of stimulation at the left margin, and is then moved 
in successive steps of about 3 mm. each along the transverse diameter 
towards the right margin. 

From the results obtained from the isolated tortoise ventricle where I 
have found the rate of conduction to artificial stimulation to be from 9 to 
11 cm. per sec., it is I think possible to analyse the human electrocardiogram 
given in Fig. 1. It represents the summed effect of two variations, that is 
to say, of (1) the changes occurring on activity in the tissue whose potential 
is communicated to the right electrode at the right hand of the subject— 


* Einthoven and Jolly, Quart. Jour. of Exper. Physiol., vol. i, p. 373, 1908. 
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the right variation, and (2) the changes in the tissue whose potential is that 
of the left electrode, connected with the left foot of the subject—the left 
variation. Each variation commences with a positive deflection succeeded 
by a negative deflection. The downward direction of the summit Q of 
Einthoven is to be attributed to the positive preliminary deflection of the 
right variation—Q, in my nomenclature ; and is due to the commencing 
electrical change in the tissue at the base and right side of the ventricles. 
R is the combined effect of the negative deflection of the right variation 
and the positive preliminary deflection of the left variation (R, + Q,). 
S is the summit of the negative deflection of the left variation (f,) due 
to negative electrical change at the apex and left side of the ventricles. 
The horizontal stretch following S indicates compensation of the two 
variations, and 7’ is due to the right variation, which persists longer or 
passes off less steeply than the left variation. 

In comparing the forms of the human electrocardiogram with the 
curves in Fig. 13, it is evident that the point at which the excitation 
transmitted from the auricles reaches the general ventricular muscu- 
lature would correspond to the point of artificial stimulation of the 
isolated tortoise ventricle.* The position of this point relative to the 
right and left lead respectively will thus determine the form of 
the electrocardiogram, since it will determine the time relations of the 
two variations which are summed. The human electrocardiogram is 
not always of the same form even in normal individuals, and varies 
very greatly under pathological conditions. The form of the typical 
normal curve indicates that the two variations or phases are occurring 
almost simultaneously, but with the right variation slightly before the 
left. We would therefore conclude that the excitation reaches the 
ventricular musculature almost at the middle point but slightly nearer 
the base. Atypical curves will be recorded when the excitation begins 
in the ventricles at an abnormal point, and the two phases will be 
separated by a greater time interval. 

I do not propose to discuss here the various forms of the patho- 
logical electrocardiogram. A very large number of atypical curves have 
been recorded in the literature. In Fig. 1b there is an atypical curve 
from a human electrocardiogram which I have recently recorded in 
this Laboratory, in which it seems possible to make out the various 
summits that can be identified in the tortoise response. The curve 
has been recorded by derivation II, that is to say the right electrode 
is connected with the right hand, the left with the left foot. The left 
variation or phase is an advance of the right, which indicates that the 
excitation has begun in the ventricular muscle at a point nearer the 
apex than in the normal case. 


* Cf. Einthoven, Pfliiger’s Archiv., Bd. 149, s. 65, 1912. 
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ON THE CRYSTALLOGRAPHY OF ANATASE CRYSTALS FROM 
THE AURIFEROUS CONGLOMERATE OF THE WIT- 
WATERSRAND. 


By W. von Bonne, B.A. 
(Read August 19, 1914.) 


Dr. Robert B. Young, in a paper on ‘‘ Metasomatism in Banket,” * 
when describing a certain altered rock in the Rose Deep Gold Mine, 
South Reef Leader, says that the rock is composed mainly of chlorite and 
sericite, but when it is washed there remains a heavy concentrate com- 
posed of pyrite, anatase (octahedrite), zircon, chromite, and gold. 

Dr. Robert B. Young’s description of the anatase crystals is as 
follows :— . 

“« The anatase does not occur as pseudomorphs after rutile, but as well- 
formed tetragonal crystals, which may be roughly described as acute 
bipyramids. They vary in length from about 2 mm. to about one-sixth of 
that, the average lying midway between these extremes. By reflected light 
they are a deep indigo-blue in colour. The lustre is adamantine. In trans- 
mitted light they are most of them blue. In polarised light they are 
pleochroic in different shades of blue and yellow. Very many of the 
crystals are partially or wholly opaque.” * 

A quantity of this anatase was obtained from Dr. Young and carefully 
examined by means of the Czapski Theodolite Goniometer (in its improved 
form),+ fitted with a Schrauf signal. 

A preliminary general examination of the best crystals showed that 
the most prominent faces are those which together constitute the tetra- 
gonal bipyramid of the first order—probably (111). These faces present 
brilliantly reflecting surfaces. Next to these the most obvious form is the 
tetragonal bipyramid of the second order—probably (101)—capping the 


* Young, Trans. Geol. Soc. S.A., vol. xvii., p. 32. 
+ Tutton, ‘ Crystallography and Practical Crystal Measurement,” p. 465, fig. 431, 
London, 1911. 
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former, These two forms are easily visible to the unaided eye. When 

viewed under the lower power of the microscope, the crystals show in 

addition several other forms. These are, apparently : 

1. The basal pinacoid. 

2. Faces presumably belonging to four other tetragonal bipyramids of 
the first order. 

Qualitative chemical tests fully established the presence of titanium. 


THE PROMINENT TETRAGONAL BIPYRAMID OF THE First ORDER. 


The extraordinary brilliancy of these faces allows of their angles being 
measured with very great accuracy, the Schrauf signal obtained in every 
case being “ excellent.” 


Determination of Angles between the face normals of the faces of the 
First-Order Pyramid. 
111 A 111 = 136° 36’ 
111 A111 = 136° 36’ 


The above results were obtained as averages of several readings on 
four different individual crystals, and none of the readings varied from 
the average by a greater amount than +1’. 

From the above values we derive 


001 A 111 =68° 18’. 
and an application of the usual formula 
tan (001 \111).4,/2=¢ 


leads to the following value for the axial ratio 


a:c=1:1°7769, 


while the standard value given by Goldschmidt in his ‘‘ Winkeltabellen ”’ 
for anatase is 1:1°7771. 


THE TETRAGONAL BIPYRAMID OF THE SECOND ORDER. 


The faces which constitute this form give fairly good signals. 
Determination of Angles between face normals of Second-Order 
Pyramid. 

e' Ae = 120° 32’. 
= 120° 34’. 


| 
‘ 
' 


The Crystallography of Anatase Crystals. 301 


These results again represent averages of several readings obtained on 
four different individual crystals. The greatest divergence from the 
average (120° 33’) obtained in any one reading was +7’. 

From this angular result and the axial ratio we derive for this 
Second-Order Pyramid the symbol (101). 


ForMS OTHER THAN (111) AND (101). 


The minuteness of the remaining faces mentioned above necessitates 
one’s being satisfied with measurements of angles taken with the telescope 
focused on the crystal face to observe the flash of the reflection from the 
faces, too minute to give efficient Schrauf signals. Consequently for each 
face the mid-position between angle readings taken (1) just when the flash 
begins to be observed, and (2) just when it is about to disappear, must be 
taken as indicative of the position of the face-normal. The accuracy of 
these angles is therefore of a lower order than in the previous cases, but 
several measurements were taken and the error of each of these averages 
is probably well within the limits of +1°. 

The position angles of the forms obtained in this way, together with 
the two forms already described, were observed in terms of Goldschmidt’s 
angle co-ordinates,* 9, p, and for purposes of comparison and identifica- 
tion of these forms Goldschmidt’s standard values of 9, p, in each case 
together with the corresponding Miller Symbols and Dana face letters, are 
given in parallel column. 


Goldschmidt’s | Values obtained on Differences 
Standard Values. Johannesburg Crystals. from 


Face Miller 


68° 18’ | = 
60° 38’ | 
0° 0 | 
10° 10’ 0° 20" 
19° 44! | | @ 4’ 
82° 26’ | 
48° 48’ | | 0° 20 
74°17" | 


MRMEE OB 


The form q was observed on only one of the crystals examined, while 
the other forms were observed on all four crystals. 


* Goldschmidt, ‘‘ Kristallographische Winkeltabellen,” pp. 3, 39. Berlin, 1897. 


| p | | p | 
| 45° 
101 0° 
— |} 
1.1.14 | 46° 
117 45° 
331 45° 
| 65.11 46° | 
021 0° | 
| | | 
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In the foregoing work attention was confined to observation of faces 
on the upper half of the crystal in each case. 


, All four upper faces of (111) were observed) 
(5.5.11) each of the four 
Only two upper faces of (331) o crystals examined. 
(1.1.14) 


The crystal on which (021) was recognized showed only two faces of the 
form. 


\ 


; The precise position of each face seen on all four crystals is indicated 
! on the accompanying stereographic projection. 
It will be observed that the distribution of these faces suggests a 
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suspicion that anatase may not after all have the tetragonal holohedral 
symmetry of Class 15 hitherto assigned to it.* 

An extended examination of a larger number of crystals is in progress 
with a view to confirming or disproving this suggestion. 

The foregoing work was carried out in the Mineralogical Department 
of the South African College, Cape Town, under the general supervision 
of Dr. Andrew Young. 


* Tutton, ‘‘ Crystallography and Practical Crystal Measurement,” p. 212. London, 
1911. 


